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Right Howoerable , 


peREemaa Lihough the Knowledge and Practice of 
AGANDE the Art of Navigation be of late years 
grown to a far greater perfe&tion than 
it can appear to have had in any former 
Age; and by that means the World, and 
and all the parts thereof, have been fur- 
ther diſcovered, yea , ſailed round about , the Traftick 
and Intercourſe of ſeveral Nations, how remote lo ever, 
facilitated, and ( which, as I conceive, is of moſt im- 
portance, ſeeming as yet to be the principal ſcope of 
the Divine Providence in diſcovering thele Myſteries) 
the light of the glorious Golpel of Chriſt, being the 
mighty Power of God unto Salvation , 1s extended to 
thole lilly Captives of Satan in America, by means of 
thole many Plantations which we have among(t them z 
which Plantations ( even from their firlt breathing ) 
have received no ſmall furtherance from your Noble 
tavour and bounty, as I know by my own experience 
in that where ſometimes I was, and have underſtood 
no leis by others in the relt, 
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Yet notwithſtanding this notable growth and daily 
exerciſe of the Art of Navigation, it ſtill remains imper- 
fe&t in ſome points. For whereas the practice thereof 
doth eſpecially conſiſt in the knowledge of Latitudes, 
Courſes and Diſtances, the way of finding Diſtances 
at Sea, namely, by the Zyg and Zine, is rather opinio- 
native and conjectural, than certain; being grounded 
upon this Suppoſition , That the Compals of the World 
in any great Circle is 21600 1talian Miles (as they call 
them) -and that ſuch an 1ta/zay Mile contains 1000 
Paces, and every of thole Paces 5 Emgliſh Feet ; and 
according to thele Mealures they divide their Zog-Ztze, 
and keep their account of the Ships way at Sea. 

Having therefore by an Experiment which I made 
a year ſince, found more nearly the Compals of the 
Earth , and the quantity of a Degree on the ſame in our 
known Meaſures, and applied it to uſe in Navization, in 
this Treatiſe following , and further added ſome other 
ſuch things as I conceived to be wanting in the Pra- 
Rice of that Art: I have preſumed to preſent it to 
your Lordſhip, as well becaule of your knowledge in 
Navigation , and the experienee you have had in your 
Honorable Enterprizes at Sea, you are well able to 
judge of it; as allo being confident that according to 
your noble diſpoſition you will favourably accept 
thereof, though otherwile of it ſelf unworthy. The 
moſt high God , ever Bleſſed and Glorious, multiply 
unto your Honour all his Blefſings in Chriſt Jeſus, 


Your Honours in all due obſervance, 


RICHARD NORWOOD. 


To the READER. 


yu He Circuit of the Earth and Sea ( as the Circumference of every 
Circle) contains 360 degr. by which degr. the diſtances thereon 
are meaſured , ſo that the knowledge of the quaniity of ſuch a degr. 
in our known meaſures, u 4 fundamental Prizcizle in Colmogra- 
phy and Navigation, as upon which w grounded th Reckoning of 
the Ships way, or diſtance run. For though 4 Mariner being in by Voyage on the 
vaft Ocean , hath ſometimes three thirgs :0 certiſie him where he uu, an4 how t9 
ſhape his Conrſe to bus defired Port , namely, hs Latttude , Courſe, and Diſtance ; 
and ſometimes a fourth, namely, ſome near conje.ture of hs Longitude by the 
Variation , or otherwiſe; yet oftentimes ( 45 in cloſe weatker ) be bath nothing but 
bu Courſe and Diſtance ; othermhiles only his Latitude and Diſtance us by chief 
guide in falling in with hs intended Port. I know it # uſual to aliow near 7 Fa- 
thoms or 4.15 Feet to 4a Knot, and [0 many of thoſe Knots as rin out in balf 4 
Minute, ſo many Miles they account the Ships way to be in an hour, And if in 
half a min. ſhe run 4.15 Feet, then in 60 min. or an bour , ſhe runs 5009 Feet ; 
and thus they account 5000 Engliith Feet , or Lo00 Paces t0 be a Mile, and 60 
of thoſe Miles to be a degr. ſuch as th: whole Circumference in any great Circle 
# 360. But how is this known 10 be true? If it be anſwered , that it us known to 
be jo by Experience; then I would know further by what Experiment this was 
found 10 be ſo? Where, an by whom made? I preſs this ſo much the rather, becauſe 
[ am perſwaded we have at thus diy as many excellent Navigators 1t this Xt:;g- 
dom, and as great Voyages performed, as from any other place in the World; aud 
I ſnould be glad to bear of the experimental reſolution of this Problem by joiae 
of them , tho»gh it were but in running 8 or 10 degr. near the Meridimm: for jo 
] doubt not but that which I bave bere written thereof , would receive further 
confirmation , and better entertainment, than happily it will now , being [2 much 
—_— from the common opinion, and the Arts of Navigation a#d Coſ- 
mography , would be much more perfeited in ſhort time. For one Err.” (as 
a fruitful Mother) is oftemimes the cauſe of more, and ſo the removing 
of one us the occaſion of removing others , eſpecially when they do mutually 
ſupport one another As we [hall here ſhew bow the Error in the projection 
and uſe of the common Sea-Chart, i ſupporr:4 by this Error of accounting 
only 300920 of our Feet 10 a Degree; and this in like lore upheld by that , /0 
that they will ſtand or fall together. And ſurely that had fallen long [nce, 
being ſo manifeſtly convinced, if it bad not been upheld by this. For the 
confuiing 
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confuting of that ( 1 mean the common Sea-Chart ) it was ſufficient to know that 
the Earth and Sea make one Spherical Body, but in dijproving and retifying this, 
it w neceſſary to hrow moreover what 1s the quantity of that Spherical Body : And 
0 that end , tt was neceſſary to make 4 ſenſeole application of our known Meaſures 
0 a determined part of the whole, that Jo the quantity of that determined part 
being known , aud the proportion thereof to the whole, the quantity of the whole 
might alſo be dijcovered. And this 1 have endeavoured in the Experiment foliuwirg, 
which if 1 have not bandled ſo exaty in all foints as fome would deſire ( that 
requiring more time and charge than 1 could wel! beſtow ) yet I doubt not but it will 
be found that I have come very neat the Truth. Some happily will cenſure me for 
being my ſelf at the expence to make ſuch an, Experiment : But I was as frugal is 
it as I could, adiing pains and induſtry to ſave expence; 1 came up in ten or eleven 
days, and bad other neceſſary occaſions to lead me from the one place to the other, 
and did this as a thing falling opportunely in my way : But indeed ( as in all other 
parts of Learning ) ſo inthe Mathemanicks, eſpectally in their application, or middle 
Mathematicks ( as ſome call them ) it 1s neceſſary , with Speculation to joyn atual 
ard experimental Practices; the farmer being empty and uncertain without theſe. 
It uw tus, that the Mathematicks afford large Fields of delightſul- Speculations, 


. wherein a man might walk, far with much pleaſure : But if from ſo many fair 


Flowers , be bring home no Honey , or from juch large Fields no Sheaves ; 1 mean, 


if he bring not thoſe Speculations to ſome uſeful Praflices , neither himſelf nor 


others are like to receive much fruit by them. But this indeed cannot be effeted 
without more labour and difficulty ; yet ſometimes it requires Mechanical aud 
Bodily exerciſes , which ſome eſteem too mean and unworthy 10 ſtoop unto, But 
or mine own part, 1 acknowledge to have bad wy livi:g and maintenance by the 


 Mathematicks , and not by Speculation oniy, but rather by my praftice therein; and 


therefore alſo 1 deſire ( what-in me lies) t9 make them frunful 10 my (elf and 
others ; and to that end have ſpent in ſome principal parts of the Mathematicks, neav 


.@s much time and means in experimental Pradtices and Concluſions, as in the Spe- 


culations. Moreover , corfaderizg that th paritcular Experiment was propoſed 


 a5ove 32d years frnce , by our Co:mtry-man Mr, Eivard Wright , 10 mvite ſome 


70 the tryal of 1, as a thing which he would have done himſelf, if he had found 
ſuch furtherance and opportunity as be defir24 , which ir ſeems he did not , nor 
ey other ſinc2 that time. Rather than [0 noble ard ſo neceſſary a Problem ſhould 
iouger veſt unreſolved , I 0%, the opportuntry offered , hoping it may be an occaſpon 
:0 whet on ſom? others to d9 the liz?, Ti:js, with jome other things which 1 con- 
ceiv2d to be wanting in the prailice of Nav:gation , I have baudled in this enſuing 


Treatiſe, which I comm:nd 10 your ſrieni!l; acceptance, Farewel. 


Vue” 
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CHAP. .'L 


The common Opinion touching the Compaſs of the Earth, 
and quantity of a Degree of the ſame, 


T is a common received Opinion in England 
(and the like is in other places) that 
e® allowing 5 of our Exeliſh Feet to a Geo- 
Z, metrical Pace, 1000 of thoſe- Paces make 
" an /t.ilian Mile, and 60 of thoſe Miles in 
any great Circle upon the Spherical Surface 
of the Earth and Sea, make a Degree ; 
and thus it is ſuppoſed, that a Degree 
contains 60 Miles, -or 60000 Paces, or 
300000 of our Engliſh Feet , and by tuch Miles do Mariners 
in their Voyages by Seca keep their Reckonings. And becauſe the 
whole Circuraference of a Circle is 360 Degrees, therefore the 
compaſs of the Earth, according to this Opinion, ſhould be 2 1600 
{uch JTralian Miles, or 21600000 Paces, or 108000000 of our 
Engliſh Feet. Whence this Opinion came, or upon what Experi- 
ment it ſhould be grounded, 1 cannot certainly ſay : It may feem 
to be taken, or rather miſtaken from Prolomy, who 1aith , there 
are 500 Sradinms in a Degree; the ſame was before affirmed by 
Martinus Tyrins, of whom Ptolomy ſpeaking in the 11th Chap, 
of his firſt Book of Geography , hath theſe words, Sed in hog 
quoque reite ſentit , partem unam- qualiunm eſt circulus maximus 
[:06/6- 
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frecentorum. ſexaginta, quingenta in terra conſtituere Stadia, id enim 
confeſſis dimenſionibus conſonum exiſtit. Now a Stadium not only 
amongſt the Greeks , but as appears by Herodotus, amongtt all other 
Nations of 4ſia, and in Egypr, did conſiſt of 600 Feet, or 100 
Orgya's, an Orgya containing 6 Feet or 4 Cubits, as our Fathom 
doth ; the ſame alſo is teſtified by Sxidas and others : So that a 
Degree containing 500 Stadium's, and every Stadium 600 Feet, 
it follows that a Degree muſt contain 300000 Feet, . exactly 
agreeing. in number with the common received opinion in Exgland, 
which. therefore may ſeem to be, hence derived, and would alſo 
receive much confirmation hereby ( he being an Author of ſuch 
approved credit ) if it could be approved that our Engliſh Feet 
were exaQtly equal to the Egyptian or Alexanarian Foot, where 
Ptolomy wrote. Otherwite that being true , that ſo many of their 
Feet make a Degree, it will follow, that if ours be greater, there 
be fewer of them contained in a Degree; if lefſer (as undoubtedly 
they are) there muſt be more of them contained in a Degree. 
Philander, in his Commentary upon the third Chapter of the . 
third Book of Yitruvine, hath exprofled the quantity of the ancient 
Roman Foot , where ( by a competent allowance for the ſhrinking 
of the Paper, being printed wet) it may probably be gathered thar 
it was ſomething longer than our Engliſh Foot. But the Alexandria 
and Egyptian Foot was much greater; for according to Hero 
Mechanicus, 5 Alexandrian Feet were equal to 6 Roman Feet: 
ſeeing the ancient Reman Foot was fomething greater than ours, 
the Alexandrian muſt needs be much greater than ours. So that 
whereas Ptolemy laith there are 500 Stadium's in a Degree, and 
as we have ſhewed a Stadium did conſiſt of 600 Feet, theſe being 
E-yptian or Alexanarian Feet, as it is moſt probable, being the 
place where Ptolomy lived; there muſt be a far greater number of 
our Feet in a Stadirm, and lo in a Degree : whence it is evident 
that there is no ſufficient footing for this common opinion in the 
aſſertion of Prolomy, 
Neither doth the Prattice and Experiment of Mariners in tkeir 
Voyages at Sea prove it; for there is no Reckoning or Experiment 
at Sea let down by any (that I have ſeen) to confirm it. And though 
it be true, that in ſailing between two places that lye near to one 
and the ſame Paralle], they ground-their Reckoning chiefly upon 
this 
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ſuppoſition , that 300000 of our E»;/:/þ make a degree, yet Ct, 
they {cldom or ncver by thoſe reckonings dilcern the Error, the 
rather for that they have been, and for the mot part are til Kepr 
upon the Plain or Common Sea-Chart , which makes a degree 11; 
any Parallel equal to a degree in the Equinotlizl , and lo makes . 
degree in any Parallel to contain 300000 Feet : And it is truc , 
that in ſome Parallel a degree doth contain oniy 3000co of vur 
Engliſh Feet, namely , about that Parallel which is in Latitude 
35 degrees ( as we ſhall further ſhew hercafter ) near unto which: 
have the principal of our Eaſtern and Weſtern Voyages been 
made. And thus, though this opinion of 300000 tcet in :; 
degrce, and the Projeftion of the Common Char? be both cr 
coniousz yet becauſe the Error of the one doth fomething talve 
che other, they could not be fo eabily difcern'd by Experience 
only. 

'This opinion of 300000 Ergliſh Feet to a degree , may ſeem 
allo ro be ſomething confirmed by an obſervation made by our 
Country-man Mr. Edward Wright , upon Mount Edgtcomb near 
Plymouth , of the Semi-diameter of the Earth, which he hath 
ſet down in his Book, Of the Correition of Errors in Navigation , 
Chapter 15. where he finds the Semi-diameter to be 18312621 of 
our Engl: Feet, whence it may be gathered , that in a Cegree of 
a great Circle of the Earth , there ſhould not be full out 320000 
ot our Fect; but the way by him then uſed , though it was very 
tit for the end whereunto he there applies it; namely, to find the 
dipping or depreſhon of the apparent Horizon beneath the true, 
according to the height of the Eye above the Water; yet it will 
calily be granted to be no exa& way for finding the Semidia- 
meter, and conſequently the Circumference of the Earth, or the 
quantity of a Degree on the lame; and ſo he ſays there, that he 
ated that way , becauſe he wanted opportunity to put in pra&tice 
a morc exat way. Wherefore for the further ſatisfation of my 
ſelf and others in this Point, and chiefly for the neceſſary uſe it 
nath in the Praftice of Navigation, 1 have made the experiment 
following, that fo the quantity of a degree, and of the whole 
Compatls of the Earth, might at leaſt-wite be nearly known in our 
Eneliſh Meaſures. 
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CHAP. II. 


4 Experiment made for finding the quantity of a deg. 
and ſo the Circumferences of the Earth and Sea in our 
known Meaſures. 


Aving occaſion to be in the City of York,, about the be- 
ginning of Fane, eAnn, 1635. I made there ſeveral 
Obſervations of the Meridian Altitude of the Sun, the 
laſt of which was made the 1 1th of Fune, the Skie was 

every of thoſe days ſomething overcaſt at Noon , yet not fo much 
but that an Obſervation might be made to a near ſcantling: And 
becauſe the laſt of thoſe Obſervations is moſt fit for the preſent 
occaſion, and that day was as clear as any of the other , we will 
here eſpecially make uſe of that , being as followeth. 

Upon the 11thof Fune, 1635. I made an Obſervation near the 
middle of the City of York, of the Meridian Alritude of the 
Sun, by an Arch of a Sextant of more than 5 Foot Semidiameter, 
and found the apparent Altitude of the Sun that day at Noon to 
be 59 deg. 33 min, 

I had alfo formerly upon the 11:4 day of Fune, eAnno 1633. 
obſerved in the City of London, near the 'Tower, the apparent 
Meridian Altitude of the Sun, and found the ſame to be 62 deg. 
I min. 

And ſeeing the Suns Declination upon the 11th day of June, 
1635 , and upon the 6th day of Fuze 1633, was one and the 
ſane, without any ſenſible difference ; and becauſe theſe Alti- 
tudes differ but little , we ſhall not need to make any alteration or 
allowance, in refpe& of Declination , RefraRion , .or Parallax : 
Wherefore Subtrafting the lefler apparent Altitude; namely, 59 
deg. 33 min. from the greater 62 deg. 1 min. there remains 2 deg. 
28 min. which is the difference of Latitude of theſe two Cities; 
namely of Lond and Tok. 

Alto by the aforeſ:i.! Obſervation mide in York, it appears that 
the Latitude of that City is 53 deg. 58 min. almoſt. . 

ut 


The Sca-man's P2actice. 5 


But to our purpole ; coming at that time from thence to Londor, 
I further found by Meaſure, that the Parallel of York is from the 
Parallel of London 9149 Chains; every Chain being 6 Poles, and 
every Pole 16+ of our Engl:(þ Feet; that is, every Chain gg Feet. 
(After what manner I found this to be fo , we ſhall further expret+ 
hereafter: ) But thus, as | ſay, I found that York is more Nor 
therly than London by 9149 Chains: And before we have noted 
that theſe two places differ in Latitude 2 deg. 28 min. -therefore 
it follows, that 2 deg. 28min. of the Meridian of the Earth and 
Sea, is equal to 9149 Chains. And if accordingly we would 
know how many of thete Chains are contained in 1 deg. we may 
find that by the Rule of Proportion, firſt reducing the degree 
into Minutes; and then fay , 


If the difference of Latitude 148 co. ar. 7.82974 
give ſuch a number of Chains. 91409 3-96137 
Then 1 Degree, that is 60 1.77815 
gives of ſuch Chains 3709 3.56926 


and ſomewhat more, namely ,. 5 Feet , which reduced into Feet 
make 367196; that is, 367200 Feet ina degree, lacking 4 Feet, 
which here we regard not. 

Thus then, according to this Experiment, it isevident, that one 
degree of a great Circle meaſured on the Earth is near 367200 
Feet, which in our Poles of 16; Feet, is 22254 Poles, and about 
one half; and theſe reduced into Furlongs, at 40 Poles to the 
Furlong , make 556 Furlongs and 14 Poles: and laſtly, theſe re- 
duced into our Exeliſh Miles, of 8 Furlongs to a Mile, make 69 
Miles, and 4 Furlongs 1 4 Poles, that is, 694 Miles and 14 Poles 
in a Degree. 

And hence, according to the moſt approved Hypotheſis of the 
Sphericity of this Terreſtrial Globe , we may find the Compaſs 
of it as followeth. But firſt, you may Note that we ſpeak not 
here of the Compals of the Earth in any Parallel, or leſſer Cir- 
cle deſcribed upon any fide thereof, that being various (according 
to the different diſtance of thoſe Circles from their Poles) but of 
the Compals taken in the middle or greateſt thickneſs of the 
Globe; namely, in any great Circle, ſuch as divide the whole 
Globe into two equal parts, of which kind are the EquinoGtal 
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and all Meridians, &c. this being properly the Perimeter or 
Compaſs of a Spherical Body. 

Now {ſeeing a degree is the 360 part of the Circumference of a 
Circle (for any Circumference being divided actually or by ſuppo- 
ſition into 360 equal parts, thofe parts are called Degrees) it we 
can find how many Feet, Paces, Miles, or other known meaſures 
are contained in one of thoſe degrees, then ſhall we eaſily conclude 
how many of the ſame known meaſures are contained in the whole 
Circumference: But by the former Experiment we find , that in 
one deg. of a great Circle on the Spherical Siuperficies of the Earth 
there is contain'd 367200 Feet; theretore 1t is evident that 360 
times 367200 Feet is the Compaſs of the whole ; wherefore mul- 
tiplying 367200 by 360, the Produtt is 132192000 Feet, 
which reduced into Poles is 8011636; and thele reduced into 
Furlongs, are 200290 Furlongs 36 Poles: and laſtly, thele re- 
duced into Miles are 25036 Ezgliſh Miles ,. and fomewhat more , 
for the Circuit of the Earth and Seca. 

If further we deſire the Diameter and Semidiameter of the Earth: 
Foraſmuch as it is proved by Archimedes, that the proportion of the 
Circumference of a Circle is the Diameter thereof, almoſt as 22 
to 7: Therefore by the Rule of Proportion , as 22 to 7, ſo is the 
Circumference of the Earth to the Diameter thereof : So that 
multiplying the Circumference of the Earth, namely, 13 2192000 
Feet by 7, and dividing the Produtt, namely, 925 344000 by 22 
the Quotient, namely, 42061090 is the Diameter of the Earth in 
Feet, the half whereof, namely,2 1030545 Feet is the Semidiameter 
of the ſame, being 23 millions of Feet, and ſomewhat more._. 
theſe reduced into Engliſh miles , as before we did the Circurafe- 
rence, ſhew the Diameter of the Earth to be 7966 miles , and 
ſomewhat more , and the Semidiameter 3983. And thus we have 
the Circumference., Diameter , and Semidiameter of- the Earth , 
as alſo the Quantity of a degree of the ſame Circumference in the 
known meaſures of Feet, Furlongs, and Miles, &c, There 
are only two things here , which may ſeem doubtful ; namely, the 
Experiment it felf, and the Hypotheſis of the Sphertcity of this 
Terreſtrial Globe, conſiſting of bo Earthand Sea ; for theſe being 
admitted , themeaſures thence xeduced as before , will neceffarily 
follow. | 

\ Now 
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Now touching the Experiment; I confeſs, that to have made * 
it ſo exatas were requiſite, and inall Points, to as 1 ſhall ſhew in 
the Chapter following , would have required much more time and 
expence' than 'mine ability would reach unto; Yet having made 
obſervation at York, as aforeſaid , I meaſured (for the moſt part) 
the way from thence to London; and where I meatured not, 1 paced; 
(whercin through Cuſtom I uſually come very near the truth) ob- 
ſerving all the way as I came , witta Circumtercntor all the princi- - 
pal Angles of Poſition or Windings of the way ( with convenient 
allowance for other lefſer Windings, Aſcents ani Detcents,) and 
theſe I laid not down by a Protractor aiter the ulu#l manner, but 
framed a Table much more cxa& and fit for this purpole, as we ſhall 
hereaſter ſhew; fo that I may aihrm the experiment to be near the 
truth. 

Touching the Hypotheſis, that the Earth and Sea make one Sphe- 
rical or round Body, itis generally agreed upon by all the principal 
Philolophers, Aſtronomers, Geographers, and Navigators, Ancient” 
and Modern: Some reaſons demonſtrative, tortheafhrmation there- 
of , may be theſe. 

Firſt , the Eclipſes, eſpecially of the Moon, which are cauſed by 
the ſhadow of the Body of the Earth, being interpoſed between : 
the Sun and the Moon; and foraſmuch as this ſhadow doth fall upon 
the Moon, always and upon every fide Circular, and fo appears to 
us, it is manifeſt by the Opticks, that the Earth from whence it pro- 
ceeds is a Spherical Body. 

Secondly, likewiſe the Eclipſes of the Sun, which are cauſed by 
the interpolition of the Moon between the Sun, and thoſe places 
where it appears Eclipled; I fay, it- could not be determined + 
when, and in what place ſuch an Eclipſe ſhould appear, and 
where not, if the form of the Earth were not known : but ſeeing” 
the places where tuch Eclipſes happen ; and where not-, may be , - 
and are uſually determined and that uponthis Ground , that the 
_— of thEEarth is Spherical, it is thence alſo ratified ' to be a 
irutn. 

Thirdly, the Sun , Moon, and Stars, do riſe and ſet, and are ' 
upon the Meridian fooner to thoſe that are reſident inthe Eaftern 
parts,than te others more Wefterly,and that in a proportion anfwe- 
zable-to the -roundnels of the Earth , as the Planets-and Stars are -* 


Sp0on 
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upon our Meridian at London ſooner by almoſt 4 hours, than they 
are to thole that inhabit the Summer Iſlands, and the confines of Vir- 
ginia and New England: And lo in Eaſt-India, and other Eaſtern 


| Regions , the Sun and Stars are {ooner upon their Meridian than 


upon ours; which is manifeſt to be lo, as by other reaſons, ſo efpe- 
cially by the Eclipſes of the Moon: for an Eclipſe of the Moon hath 
not 1n it ſelf any diverſity of time, being at one and the fame inſtant 
without "—_ of places, yet becauſe in the Eaſtern parts the day 
1s begun , anditmay befar ipent before it begin in places far Weſt- 


 erly , therefore ſuch an Eclipie may appear to the Eaſtern Inhahi- 


tants toward the end of the night , which to the Weſtern appears 
in the beginning or middle of the {ime night with them, and to the 
difference will be more or lets, according. to: the different diſtance 
of thoſe places in Longitude. 

Fourthly , Furthermore we ſce, that going or Sailing to the 
Northwards, we have the Artick Pole and Southern Stars more elc- 
vated, and the Antartick Pole and Southern Stars more depreſſed , 
the Elevation Northerly increaſing equally with the depreſhon $qu- 
therly, andeither of them proportional to the Diſtances which we 
g0: The like happeneth in going to the Southwards. Beſides the 
Oblique Aſcenſions, Deſcenſions, Occultations, Emerſions, and Am- 
alinaita of Riſing and Setting of-the-Sun and Stars, in every eve- 
ral Latitude, agreeable to the Zyporheſis of the Eartlvs Sphericity; 
All which could not be ſo, if the Earth were of- any other than of 
a Spherical form. 

Fifthly., So. if we ſtand upon the Sea-ſhore , and ſee a Ship far 
off under Sail, making towards the Land , at firſt we lee only the 
Top-Sails or higheſt parts,and withall do manifeſtly behold the Con- 
vex Superficies of the Sea , as it were ramfed and interpoſing her ſelf 
between our fight and the Hull, or lower parts of the Ship, till ſhe 
approacheth nearer, and this uniformly, . every ways alixe, and pro- 
portionably to the ſeveral Diſtances ; which doth evidently demon- 

rate the Spherical roundnels thereof. 

Sixthly, And laſtly, (to add no more) the Navigations of theſe 
later time: make it apparent, thoſe eſpecially that have been made 
round about the World, as thole two Voyages by our famous Coun. 
try-men Sir Francis Drake , and Mr. Thomas Candiſh , both which 


* teyerally Sailing from our Coaſts to the Wejt-Inates, and paſſing the 
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Straits of Magellane, continued their Courle Weſterly , till they 
came into thole parts, which are from us to the Eaſtwards, namely, 
to the Eait-Indies, and fo Sailed ſtill Wetterly till they came to 
Cape bon Eſperance, and thence returned into England : Having 
Sailed about the whole T erreſtrial Globe, they found nothing by 
their Obſcrvations or Reckonings diilonant from the uniform $p -c- 
ricity thereof in all its parts. That they canie ſhort in the number 
of days, one, or reckoned the time of their abſence leſs by one Gav 
and a night than they which remained at home ; this further con- 
firms the thing in hand. 

Yet whilſt we ſpeak here of the Roundneſs of the Earth and 
Sea, we intend it not ſo ſtritly as if it were a thing turned round 
without any inequality to its Superficies: But as a Bowl or Ball , 
though it hath ſome duſt or {mall grains of Sand cleaving thereto , 
may {till be ſaid to be round : So, though the Land, Hills, and 
Mountains be ſomewhat raiſed above the Spherical Superficies of 
the Sea; and if there ſhould be allo fome Valleys or Bottoms 
more depreſſed ; yet ſeeing the nga of theſe inequalities have 
ſcarce any ſenſible proportion of the whole , we may well afinn . 
the whole to be round. 

The Relations made of the Prodigious height of ſome Moun- 
tains, as to be 60'or 70 Miles high, if it be underſtood of their 
perpendicular or dire@ height, are fabulous ; the Mount Az, 
Recorded by ſome of the Ancients to reach up almoſt to the 
Moon, and to be as it were, a Pillar for the Heavens to reſt upon, 
being meaſured Geographically by Eratofthenes, the perpendicular 
or upright height from the top thereof to the Valleys beneath , 
was found not to exceed 10 Stadirms , which of our Engli/h mea- 
fures is little more than a Mile and a quarter, a Stadixm not much 
differing from 6ur Furlong ; and the like might be ſhewed of 
others. 

But if we admit the higheſt Mountain to rife perpendicularly 
above the Spherical Superficies of the Sea 2 Miles; yet ſeeing the 
Diameter or whole thickneſs of the Earth , is, as we have before 
ſhewed, 7966 Miles, this exorbitancy or difference of 2 Miles is 
of ſmall moment; yea, if there were any Mountain 8 Miles in 
heighr upright, yet this compared with the whole thickneſs of 
the Earth , is little more than one thouſand part thereof, therefore 
we 
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we may conclude , that this Terreſtrial Globe, conſiſting of the 
Earth and Sea, is Spherical, We come in the next place to ſhery 
by what way of meaſuring we found the Parallel of Tork, to 
be diſtant from the Parallel of Londen, 9149 Chaius. And to 
how the diſtance of the Parallel of two places may be exactly 
meaſured, 


— 
hb — 


CHAP. ith 


A moſt exact way for finding the quantity of the Diame- 
ter and Circumference of the Earth and Sea, and of a 
Degree on the ſamr. 


riment , that ſo I may give occaſion to any who are fo Nobly 
minded for a Publick good , as to be at that Charge to make 
a farther and more exaR tryal thereof. Now then, the beſt 
and perfefteſt way is, to obſerve ſo exaQtly as may be,the Summer 
Solſtitial Altitudes of the Sun at two places, 1o far diſtant aſunder,and 
lying fo near North and South each from other, with ſo direct and 
faix a way betwixt them, as conveniently may be choſen : Suppoſe 
for Example,Chrif=Church and Berwick, or ſome other place in the 
fartheſt parts of Scorlard, for the farther thele two places are each 
from other,the more perfealy may this buſineſs be performed, Then 
meaſure as truly as is poſſible, andiſct down in a Book all the way 
between thoſe twoeplaces, with all the Windings, Aſcents and De. 
ſcents that are therein,whereby with the help of the enſuing Table, 
you may eaſily and exatly find how much the one place is more Sou- 
therly than the other. For this purpole the plain Table is not the 
fitteſt Inſtrument, or rather a Theodolire or Perattor, or lome other 
of -that kind , obſerving diligently the Variation of the Needle. 
The Chain may be 6 Poles long, o: rather 100 Feet, and the Table 
firted accordingly (but the T:tbic toliowing is for Poles) if it ſhould 
be much longer, it would be too hevy. 
T2 High-ways are commonly crooked ; yet becauſe of fundry 
obſtzcles and impedugents vhich .c- 1: fentout of the way, and 
becauſe 


| Do the more fully ſet down the way of making this Expe- 
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becauſe a man cannot certainly at firſt dire himſelf the neareſt and 
beſt way to the place intended, it would be expedient tomeafure 
the Diſtance as aforeſaid; Firſt, in the High-ways leading from 
the one to the other, and then in the neareſt and beſt way that 
could be choſen between them; and ſo if any notable Error happen 
in the one, it may be diſcover'd and amended in the other. The 
form which I obſerved in ſetting down the meaſures and Angles, 
was according to this Example. 


| Dex. Diſtance. | North. | South, | Eaſt. | Weſt. 
SE 31 tithe | | 
SE 20 Hitmb> | 
SE 13 MARIITT 

WF 4 13 Ten (o) 
SW ©2 { I— 

S E O5 Hd 4 


It is to be underſtood, that the Table here following was before 
Calculated to ſerve inſteail of a Protratter , for a Gircumferentor, or 
other Graduated Infrument, and for a Chain of 3 Poles, which 
for the moſt part I uſe; yet it may very well be applied to a Chain 
of 6 Poles, (as in this buſineſs it was) reckoning every Chain to 
be two, Cc. And thus for every ten Chains of fix Poles to a 
Chain , I make two Strokes, ſignifying 2 Changes or 20 Chains; 
and if there be any odd Chains ,tor thole | ſer a Figure in another 
Line next helow , and if moreover any odd Poles, whether one or 
two, for thoſe | ſet another F:9ure in the third Line below. 

Thus the laſt entrafſte before-going, heing S'E oy degrees, 
—14444=—-. fignifes that the Line upon which I went , was from 

3 . 


the South part of the Meridian to the Eaftwwards, making an An- 
gle with the Meridian of 5 deg. the g Strokes iignifie g Changes, or 
go Chains ; the Figure 5 tignificth 5 Chains, and the Figure 2, two 

C Poles. 
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Poles. So that it is to-be read thus, South-Eafterly 5 Degrees, 
9 Changes, 5 Chains, and 2 Poles; and the like is to be underſtood 
of the reſt. But for the moſt part having liberty of Ground ,. I 
endthe meaſure-of every Line, either with a whole number of 
Changes, or at leaft of Chains. 

And thus proceeding all day , towards the Evening , or when 
elte-I have- time convenient , I reduce all theſe Diſtances , upon 
wha t Linesor Angles ſoeyer they be, to Diſtances North or South, 
Eaſt or Weſt, as here appears. 


$i Dez. | Diſtance. | North. \ -South.. \ Eaſt. | Weſt. _ | 


. 25 I I $4. 
| T'F = HHH 7 545 
Bl IiÞq 2819, 1026 
SE 20 hHTR- 1692] 616 
FRAY #tt—T OI69] 062, 
SE 13 [api — |_923'__ 675 
vs 1754 404+ | 
S E T3 TM 1499 | OF2 
SW e2'|\ HH” 2690 «3.0 | 


. O149 OI3 


$-E* O5 Latraes 4 0020} o02} 
A | 


—— —_— 


Chains, $71 16287) 4578 C52) 
2l "= 52 
Poles. 1715] 16285 4525]: 2 


We will explain the laſt, and fo the reſt may cafily be under- 
ſtood; SE x5 deg. 5- 2. Here becauſe I have SE. 
the numbers taken out of the Table muſt be put in the Columns 
entituled. Soxth and Eaſf. Then in the Table under 5 deg. I look 
for- 9. Changes, and find againſt it 269@ and in the adjacent Co- 
tamn under the Complement. thereof 235,, and becauſe SE 5 
des.. is leſs than 45 deg. that is, nearcr to the South than to thc 
Eaſt.. 1 put in the Column entituled South 2690 , and in that 
entituled. Eaſt 235, thea again in. the ſame Tabular Column un- 
der 5;deg. Ifind/againſt 5 Chains (cutting. off a Figure, becaule's 


Chains 
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Chains is but the tenth part of 5 Changes) 149 to be put in tke 
South Column, and 13 for the Eaſt Column. 

Laſtly, Againſt 2 Poles I find for the South Column 20, and for 
the Eaſt2; and thelike is to be underſtood of all the reit. 

Now ſuppoſing this laſt to be a place,whoſe Diſtance and Scituati- 
on trom the firſtis required; I ſum up the Columns ſeverally,and of the 
North and South Columns Subtratt the leſſer from the greater,and {0 
ofthe Eaſt and Weſt Columns;and fo it will appear how much North 
or South,and how much Eaſt or Weſt the laſt place isfrom the firſt. 

As in this Example,we find the laſt place to be the Southwards of 
the firſt 1628 Poles,for the laſt Figure may be cut off, being uſed in 
the Table, only for the more exa@nels, or may be made a FraGtion, 
and ſo it is 1628 7< Poles; Likewilſe,the laſt place is to the Eaftwards 
of the firkt 45272 5 Poles; and thus I proceed all the way. 

Now touching the Angles of Aſcent and Deſcent of Hills and 
Valleys, to have obſerved them exaRtly, would have required 
more time 2nd charge than I could of my ſelf beſtow, yetlmade 
allowance for ſuch of them as were of moſt moment; He that 
would obſerve them all, may either make 2 or 3 Columns more, 
or keep an arcount of them apart by themſelves. But if he in- 
tend no farther uſe of them, but tofind the neareſt diſtance , he 
need not, ſet them down, but make allowance for them on the 
Ground , keeping his Diſtance intire without Fractions. 

As, admit I obſerve the Aſcent from a Valley to the brow of 


a Hill to be 14 deg. above the Level or Horizontal Line, and 


that meaſuring , I find the Diſtance to be 3o Poles; I turn to the 
Table, and under 14 deg. and againft 10 Chains, I find 2911, 
and 726, ſhewing that the Level or Horizontal Diſtance from 
my Station, to that brow, is only 29 753 Poles, and that the 
height of that brow above the Level Line, is 7 73% Poles: But 
finding thus that the Hyporhenuſal being 30, the Baſe or Level 
Line is but 2972+, that is leſs by ;£2 , becauſe 1 would avoid this 
Fraction, I*add to the end of the foreſaid meaſure of 30 Poles 
upon a Level Line, ;22 of a Pole, and then I may account my 
ſelf diſtant from the place in the Valley where I made Obſerya- 
tion, 30 Poles ina Level or Horizontal Line, and fo ſet down the 
Diſtance without a Frafion : the like is to be ynderitood of all 
ather Aſcents and Delcents. 

C 3 Here 
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Here followeth the Table. 
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"The StruQure of the Table is from this ground : 
As Kadius is in proportion to the Diſtance of two places mea- 


ſured in their Rumb; ſo is the Sine of the Complement of that 


Rumb, to the difference of the Latitude of the two places. 

And ſo is the Sine of the Rumb, to the diſtance of the Meri- 
dians of thoſe two places. As, admit I meaſure South-Eaſterly 
20 deg. 31 Poles , here then the Rumb upon which I meaſure, 


As Radius.is in 


proportion 


to the Diſtance meaſured, 300 Poles; 


So is the Sine Complement the Rumb, SE 20 deg. 
to the -Diffe: ence of Latitude 281734 fere, 


making with the Meridian an Angle of 20. deg. I ſay, 


2.47712 


9497299 
2.45011 


Whereby it appears, that the Diſtance of the Parallels of 
theſe two places is 281;2z Poles; or that the place whereto 1 


-meaſure, is more Southerly than the place from whence I meaſured, 


by 281538 Poles. Now for the Diſtance of their Meridians, 


lay, 


As 
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As Radius is in Proportion 
to the Diſtance meaſured, 300 Poles; 2.47712 
So is the Sine of the Rumb SE 20 atg. 9.53405 


IEEE po 


to their Diſtance in Longitude 102 7$9%., 2.01117 


And thus 1 find the place whereto I meaſured, is jc; 
more Eafterly than the place from which I mea- [© 
ſured, by 102 7% Poles, and ſomewhat more. And 
in like ſort may be found all the other numbers ex- 
prefſed in this Table; but having thus found for 
every degy. to 45 degr. evo numbers, the reft may 
be deduced from them, as in this Example : - 300 Poles 
at three Poles to the Chain, is an 100 Chains, or 
ten Changes; finding that in ten Changes upon this 
degr. the difference Southerly is 281 72 Poles, it muſt 
for five Changes, which is juſt half ſo much be almoſt | 9]-$3*7? 
141; and for one Change, which is a tenth part, ro[281.924 
28 72 fere, and ſo for two Changes twice ſo much, that is 56 , 5, 
for three Changes thrice ſo much , that is, the ſum of the two 
former , namely, 84+, and ſo by Addition only you may find 
the reſt, as in this Table, which I ſhall need to proſecute ns 
further. And thus you may make it to the hundredth part or thoy- 
ſand parts of a Pole ; but this for ordinary occaſions, for which 
itwas firſt intended, may fuſfice. And according to this Example, 
it will be eaſe to frame the like Table for a Chain of any other 
ſize, or for any other Meaſure which you uſe. 

It may be objefted , That howſoever this Rule holds true in 
Plain Triangles, yet the Triangles here uſed are neither Plain 
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nor Spherical; for a Plain Triangle is made of three right Lines, 


a Spherical of three Arches of great Circles : But in this the three 


fides are of ſeveral kinds; namely, one fide is an Arch of the 


Meridian, and ſo of a great Circle; another an Arch of a Pa- 
rallel, and ſo of a leſſer Circle; the third fide or Hypothenuſal 
being the Rumb, is nv Arch of a Circle, but a Segment of an 
Heliſpherical Line. | 

But I anfwer, That notwithſtanding this may be ſpeculatively 
conceived, and fo demonſtrated to be no Plain Triangle; yet in 
D {o 
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42 4.48 4,43 & 
223' 201] 219 
445 402] 438 
669; 603] 658 
892! 803] 878 
1114/1003}j1097 
118111337/1204!1316 
1560/1406}15 35 
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419 
614 
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2| 452] 394 
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The StruQure of the Table is from this ground : 

As Kadir is in proportion to the-Diſtance of two places mea- 
"ſured in their Rumb; ſo is the Sine of the Complement of that 
Rumb, to the difference of the Latitude of the two places. 

And ſo is the Sine of the Rumb, to the diſtance of the Meri- 
dians of thoſe two places. As, admit I meaſure South-Eaſterly 
20 deg. 31 Poles , here then the Rumb upon which I meaſure, 


making with the Meridian an Angle of 20. deg. I ſay, 


As Radiww.is in proportion 
to the Diſtance meaſured, 300 Poles; 2.47712 
So is the Sine Complement the Rumb, SE 20 deg. 9.97299 
to the-Diffe: ence- of Latitude 28 1724 fere, 2.45011 


Whereby it appears , that the Diſtance of the Parallels of 
theſe two places is 281324 Poles; or that the place whereto 1 


-meaſure, ismore Southerly than the place from whence I meaſured, 


by 281;32zMÞPoles, Now for the Diſtance of their Meriflians, 
ay, --—- 


As 
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As Radius is in Proportion 


to the Diſtance meaſured, 300 Poles; | 2.47712 
So is the Sine of the Rumb SE 20g. 9:5 3405 


2.01117 


And thus 1 find the place whereto.I meaſured, is (C5, 
more Eafterly than the place from which I' mea- |— 
ſured, by 102 74 Poles, and ſomewhat more. And | , 

3 
4 
1 


to their Diſtance in Longitude 102 $$$, 


in like ſort may be found all the other numbers ex- 
prefled in this Table; but having thus found for 
every degy. to 45 degr. two numbers, the reft may 
be deduced from them, as in this Example : - 300 Poles 
at three Poles to the Chain, is an 100 Chains, or 
ten Changes; finding that in ten Changes upon this 
degr. the difference Southerly is 281 73 Poles, it muſt 
for five Changes , which is juſt half ſo much be almoſt 
141; and for one Change , which is a tenth part, 121221921 
28 72 fere, and ſo for two Changes twice ſo much, that is 56 ,5, 
for three Changes thrice ſo much , that is, the ſum of the two 
former , namely, 84 7$, and ſo by Addition only you may find 
the reſt, as in this Table, which I ſhall need to proſecute ns 
further. And thus you may make it to the hundredth part or thoy- 
ſand parts of a Pole ; but this for ordinary gccafions;, for which 
itwas firſt intended, may ſuffice. And according to this E: © 
it will be eafie to frame the like Table for a Chain of any 6 
ſize, or for any other Meaſure which you uſe. 

It may be objefted , That howſoever this Rule holds truc in 
Plain Triangles, yet the Triangles here uſed are neither Plain 
nor Spherical; for a Plain Triangle is made of three right Lines, 
a Spherical of three Arches of great Circles: But in this the three 
fides are of ſeveral kinds ; namely, one fide is an Arch of the 
Meridian, and ſo of a great Circle; another an Arch of a Pa- 
rallel, and fo of a leſſer Circle ; the third fide or Hypothenuſal 
being the Rumb , is no Arch of a Circle, but # Segment of an 
Heliſpherical Line. | | | 

But I anfwer, That notwithſtanding this may be ſpeculatively 
conceived, and fo demonſtrated to be => Plain Triangle; yet - 

0 
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ſo ſmall Diſtances as theſe which here we vſe, there can be no 
ſenſible nor ſcarce any numexable difference. Yea, the Di- 
ſtance between two Parallels by the Rumb nd Diftance given 
( being the thing here chiefly aimed at) is yery exaQly found by 
this Rule , as before we have ſhewed, and as is more fully de- 
monſtrated by Mr. Wright, in the tw@lfth Chapter of his Book, 
f the Correttion of Errors in Navigation : Whence we may con- 
clude , that the parts of the Meridian colleted by this Table 
according tothe Rumbs and Diſtances, as we have before-ſhewed, 
do give the true meaſure of the Segment of that Meridian inter- 
cepted between the Parallels of the two-places propoled.. 


CEAP. IV. 


Of” the. difference of Longitude, Poſition, and Diſtance of 


York and London : And how the Maps of England my 
by this Experiment be reformed , eſpecially in the Lati- 
tude of Places. 


FE come next to ſpeak of the Eaſterly and Weſterl 

' Diſtances gathered, as before is ſhewed by theſ. 
""'F Tables, and to find thereby the difference of Longi- 

tude; and'of this we will give an Example in the fore- 
ſaid Experimentz, whereby we find that the diſtance in Longitude, 
or the Eaſt and Weſt Diſtance between York, and London, is near 
14000 Poles, London being {o much more Ea{terly than York. 
- And before we have found. that in a deg. of the Meridian-, and 
conſequenitly in a deg. of the EquinoRiial, there is near 3709 7+ 
Chains, at 6 Poles to the Chain , and this 14000 Poles converted 
into fuch Chains , is'2333 ;. 

Which 2333 5 Chains, for finding the difference of Longi- 
| tude?) are not th be reckoned in the Parallel of York, that being 
too much Northerly; neither in the Parallel of London, being 
too much Southerly, but in a middle Parallel between both ; 
namely 
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namely, about the Latitude of 52 deg. 45 min. Now to find 


what difference of Longitude is an{werable to this 2333 3 Chains 
in the Parallel of 52 deg. 45 min. fay, 


As Radius is in proportion 
to Sine Complement the Latit. ſc, 52 deg. 45 min. 9.78197 
So is the meaſure of a deg. in the EquinoRtial 3709 74. 3.56927 
to the meaſure of a deg. in that Parallel 2245 is. 3.35124 


And thus we find that in the Parallel, whoſe Latitude is 
52 deg. 45 min. there are 2245 7g Chains anſwering to a deg. 
whereby it appears that the difference of Longitude between York. 
and London, is more than one deg. and to find how much more, 
ſay again by the Rule of Proportion, 


As-the meaſure of a deg. 2245 73 Co. Ar. 6.64876 
is to a Cones , 3600 3.55630 
So is the mealure given, 23337 3.36797 
to the number of ſeconds, 3741 3.57303 


Which reduced, is 1 deg. 2 min. 2 1 ſac. and thus we find that . 
Leoxden doth differ in Longitude from York 1 deg. 2 min. 21 {ec. 
being ſo much more Eaſterly. 

Thus having the difference of Latitude , as alſo the difference 
of Longitude between theſe two places , we may (according to 
the Second Problem of Sailing by AMercator's Chart) find the 
Rumb from London to To: k' to be 14 deg. 20. min. from the North 
to the Weſtwards; that is, North and by Weſt 3 deg. 5 min. 
Weſterly, and the diſtance in that Rymb 9442 Chains. But 
their diſtance in the High-way, by reafon of the' crookedneſs and 
unevenneſs of it, was more by about an cgighth part. 

And the like might be done for other immediate Places between 
theſe, but affeRing brevity, we paſs over, asnot much pertinent 
to our preſent purpoſe ; only expreſſing the Latitudes of ſome of 
the principal of them, as followeth. 


Latituges. 


_ 
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As the Latitude of York, we find to be. 53 


Doncaſter, 53 deg. 32 min... 
Newark upon Trent, 53 . deg. F. min- 
Grantham, . . 52 deg. 54. min.- 
Stomford, 52 deg; 38 min.. 
Huntington, . 52 deg, 19 min. 
Royſton 52 deg. 3 min.. 
Ware, 51 deg. 48 min. 
Londen , Fi deg. 30 min. 


_ We: further aottd 'inthis Experiment, thit howſaever the. 
number of Miles between Ware and London, are almoſt the ſame: 
by eſtimation that they are by meaſure; yet all the way efides - 
from York: to Ware, .a meaſured Mile conſiſting of 320Poles, is but : 
chreequarters of a Mile, as the Miles lie by eftigzation-or common + 
accomt.z-{o.that every where (for the moſt ) three Miles 
by eſtimation make four meaſured Miles;.and a min. or the 60th | 

- part of a deg. is almoſt the middle between them both. So that 
look' hdvemuch a meaſured Mile is leſs than a min. ſo much, or 
\ſeinewhat more*is a Mile by eſtimation greater than a min. for as 
there is contained in a d&gr. of-meaſured Miles 69 £ and ſomewhat - 
more , as we have before ſhewed ; ſo of our common eſtimated 
Mites, there are contained about 514 in a degree. 

Upon-theſe Grounds the whole Maps of this Kingdom-might be 
tzuch reftified , elpecially in the Latitude of Places; for though: 
werannet henee determine certainly the Latitudes of any other - 
places beſides thoſe which were in the way, or at leaſt in ſight as - 
we came up ( the principal of which we have before noted.) Yet - 
we may nearly conjeQure the Latitudes of moſt parts of England, 
by-their Diſtzmces and Poſitions from thele; but theſe things being 
beſides out foope: and purpolc'in this place, we hall only compare - 
che Latitude of fome principal places , Fong athered from-- 
this Experiment , with the Laticudes of the ſame = , as they 
axe let down.by Mr: Speed.in his Geographical Deſcriptions of 
England , that fuch as pleaſe to examine both*in any particulars, - 

may know to which'they may more ſafely [&an. 


Canterbury - 
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Latitud, |Latitud. | | | LatitudeſLainude 


| [ { by this {by Mr. |- by this jby Mr. 
| { Exper. |Sp.Map. | | Exper, |[Sp. Map. 
——|=bs || 


| Canterbury 51 1751 29 | | Northampton|52 1452 36] 
Chicheffer |50 48150 51 Huntington | 52 19152 44 
Guildford” | 51 1251 22 | | Stamford | 52 38153 04 
' Winchefter Fi 03151 Il | Leiceſter 53 40153 05 | 
| Derchefler | 50 49459 44 | Lincoln F3 24153 59 
| Newark up» | | 
(on Trent. [53 o5|53 38}- 
| | Nottingham |53 ©0953 32 
4 | 52 33153 z30Þ 
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Worceſter |52 14}52 36 | 
| FIR 52 m_ 45 | 
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| The Latitudes of theſe places in the fink Column- emprefiedl , 
| are ſuch as-are probably gathered from this Experiment. But in- 
| the ſecond Column there is fet down the Latitudes of the | 
places , as they are I by Mr. Jobs. Speed in bis 
England, 1et forth in his Book ,.entituled, - The | 
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Empire of Great Britain; and left there ſhould be any miſtake 
in his Map , I have conferred theſe Latitudes thence gathered , 
with the, Latitudes of the ſame places , ſet down by him in words 
at large, in. his Deſcriptions. of , cach ſeveral County, and find 
them nearly to agree , except in the Latitude of Berwick, which 
in.his Map he makes to be 57 degr. 3 min, But in his Hiſtorical 
Delcriptions of Northumberland , he relates it to be 55 degr. 
48 min. which laſt 'is much nearer the truth , but ſeems not to 
be his meaning ; becauſe then he ſhould make it more Souther! 
, than Newcaftle , yea, more Southerly than he doth Carlile, which 
by his Map, and alſo by his words in his Relation of Cumberland, 
is in the Latitude of 55 deg. 56 min. whereas Berwick is above 
50 Miles more Nartherly: 

| By thele you may nearly conjeture the Latitudes of other 
parts of. England, lying in or near the ſame Parallel with any of 
them: And hence it alſo appears, that the difference of Latitude 
between; Berwick, and the South Coaſt of England near Chriſt. 
-Church,: is little more than 5 degr. not 6 degr. and more, as fome 
of our Maps make it. But theſe things we muſt leave ,, that we 
may proceed to that which .is principally intended , only we will 
firſt touch a little upon the. ule of the fore-going Table , in plotting 
aud ſurveying of Land, 


Lo 


CHAP. V. 


To delineate the Plot of any Foreſt, Park, Common, or other 
pieces of Ground ; as alſo of Rivers, Harbours, 8c. ſpeedily 
and moit exatthy, 


Y intent is not here to proſecute at large the Plotting 

of the Grounds, being. a' thing handled by others, 
, treating of ſvg : But conſidering' that the ways 

by them dire&ed, and by others praftiſed,in delineating 
or laying down the Diſtances/and Angles obſerved by the Grcum- 
ferentor, Theodolite , Perattor , or other graduated Inſtrument, is 
by a Protratter, and that the Table before-going, or —— 
ollowet 
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followeth towards the end of this Treatiſe,ſerveth for that andthe 
like purpoſes, almoſt as ſpeedily,and far more exaQly ; I ſhall crave 
leave to digreſs a little to ſhew this Uſe of it as briefly as 1 
may. Therefore paſſing over the method to be uſed in ocing 
down the Names of the Grounds , the Tenants ,: Borderers , a 
other remarkable things , and leaving every man in theſe to the 
ways whereunto he is accuſtomed. You may (as ſometimes I do) 
make a Book in a long Oftavo, and upon the left. ſide thereof tet 
down ſuch n__ as theſe before mentioned, reſerving every right 
file, and dividing them by Ruled Lines into ſix Columns; as 
hereafter following appearcth. 

And having taken and ſet down your: Notes in the Field on the 
left ſides or Pages of your Book ,. you-may-in- the evening ornext 
morning before you go out , or when elle your occaſions will:per- 
mit , ſet down the firſt Columns on the. right ſide , how many 
degr. the Lines upon which you have Traverſed , -are diſtant from 
the North - or South part of the Meridian towards the Eaſt or 
Weſt; and in the ſecond Columns the quantity of the ſame Lines, . 
in Changes, Chains, and ſingle Poles, and parts of Poles. | 

As if this Figure ; ſuppoſe the Line from e£ to B to be di-- - 


& 
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realy Eaſt , 4 Changes , that is, 57 times 30 Poles, or 210 Poles. 
| From B to C to the Eaſtwatds of the South 35 deg. 5 Changes, 
and r Chain, from Cto D, to the Weſtwards of the South 
32 deg. 5 Changes, and 4 Chains, from Dto E to the Weſtwards 
of the South 80 deg, 10 Changes, from E to F, to the Eaſtwards 
- of the North 35 deg. 6 Changes, 3 Chains, and two thirds of a 
'Pole. And laftly, from F to A, the place where I firſt began, 
.to the Weſtwards of the North g deg. 5 Changes , .z Chains, 
2+ Poles. All theſe I expreſs in the firſt and ſecond Columns an 
. the right ſide, as hereafter following appeareth, 

Which done, I take the Table, and find there the Northing 
and Southing, Eaſting or Weſting anſwering to theſe depr. and 
Diſtances, and ſet them down accordingly. As for the firſt, being 
(Eaſt 7 Changes, I ſetdown in the Eaft Column 210 Poles with a 
Cypher behind it. For the ſecond, being South-Eaft 35 degr. 
I find in the Table for 5 Changes 1228, to be ſet. in the South 
Column , and 860 for the Eaſt Column; alſo upon the ſame degr. 
For 1 Chain 2x fot the South Column, and 17 for the Eaſt Column ; 
and ſo 1 proceed with all the reft, until 1 have finiſhed. 


[Dee |Diftance. North. South. | Eaſt. | Weſt 
Eaſt. Wil 2100 
Ed 
S. E. 35 HT 1228 [o860 
ro NE 0024 [0017 
| [5. W. 32 mt A 1272 0795 
| | . © O1OZ ©0064 
S. W. Dy a. 2 -loF23 2954 
N. F. 35 Hilt"1474 1032 
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And being thus retnrned to my firſt Station, I ſum np ſeverally 
theſe four Columns of North , South, Eaſt and Weſt; and finding 
that the ſum of the North Column is equal to that of the South, 
and the ſum of the Eaſt is equal to that of the Weſt, I conclude 
the whole Work to be truly performed ; whereas 'if there had 
been any difference , it had-ſhewed an Errour ; and if that diffe- 
rence had been great, it had been neceſſary to examin the Work 


again , and fo to correct it. 


It is uſual to add together all the Angles, and alſo to multiply 
two'right Angles, or 180 degr. by the number of Angles lacking 
two; and if the ſum of the Angles added together , be equal to 
this Produ& , the Work is thought to be true: - As here, if we 
add the Inclinations and Reclinations of thele Lines in this Figure, 
the ſum is 720 degr. or eight right Angles ;- and if we multiply 
two right Angles by 4, ( becaule here are fix Angles) the Pro- 
du is alſo eight right Angles. But the other by.the ſums of the 
Columns, is a moſt abſolute way for examining the truth of your 
Work, and to be preferred before any other that I know. 

It may ſeem very laborious to ſet down every Station in this 
manner, but one that is a little exerciſed in it may, as I take it, 
( for I never obſerved the time exaly) ſet down 40 or 50Stations 
in this manner, within the ſpace of an hour, or thereabouts. But 
I ſhould adviſc that it be done by two men , having each a Table 
for that purpoſe , to avoid all miſtakes. 

If your Inſtrument give not the Angle with the Meridian ex- 
preſly, yet it may cafily be gathered thence; or elſe you may di- 
vide a Circle as your Inſtrument is divided, and number the degr. as 
they are numbred ; which done, number them alfo from the NV. 
and S. part of the Meridian towards the E. and W. fo ſhall you 
ealily know the Angle of any degree with the Meridian. 

Now to proceed, theſe meaſures may be fet down in a Plot 
ſeveral ways. As firſt, conſidering which way the Ground lies, 1 
take a Point for my firſt Station; ſo as the whole may fall conve- 
niently within the Plot, which let be the Point A, by which Point 
[ draw a Meridian and Parallel,namely two right Lines ipterſeRing 
one andther at right Angles: whereof let: NV. S. be the Meridian + 
running: North and South., and E. JW, the Parallel running-Eaft 


and Weſt; this' done, 1 look to the North and South-Columng, 


E and 
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and there firſt in the South Column , and againff the third Station, 
I find 125 3, thatis, 125.75 Poles, thisI ſet in the Meridian 
from e-A to the Southwards, and mark the Point with the Fi- 

3 then in the South Column againſt the fourth Station, 
Be 1374 Which I ſet in the Meridian from. 3 to 4; alſo 
againſt the firſt Station I find 5 2 1, which I ſet in the Meridian 
from 4 to5., Then againſt the fixth Station, I find in the North 
Column 1553, which I ſet in the Meridian from 5 to 6; 
alſo againſt the ſeventh Station, which is the ſame with £ firit, 
I find 159 5, which I ſet in the Meridian from 6 , and it falls 
upon 4, which is the firſt Station. And thus have I done with 
the South and North Columns. 


In like ſort I expreſs the Meaſures in the Eaſt and Weſt Co- 
lumns in the Parallel Z W. As finding firſt in; the Eaſt Column: 
2 100, I ſet it down from A'to the Eaſtwards ,- and it extends 
- £0B, where Let 2, ſignifying-my ſecond Station; I find next in 
the Eaſt Column 8+ 7, which I ſet in that Parallel from 2 to 3, 
next in'the Weſt Column $ 5 g, which I ſet in that Parallel from 
3 to 
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3 to 4; and ſo I proceed with the reſt. And haying thus ſet down 
the Meaſvres in the Meridian and Parallel , we have allo as it falls 
out in this Example, two Stations expreſs'd, namely A and FB; 
now for the third, I take in the Parallel withmy Compaſſes the 
diſtance A 3, and ſetting one foot in the Meridian at 3 , 1 ftrike 
an Arch near C; alſo taking in the Meridian the diſtance A 3, 
and fixing one foot in the Parallel at 3, I croſs the foreſaid Arch 
near C, the inter{ſefion of theſe two Arches is the Point C, re- 
preſenting the third Station. | 

In like fort, I proceed to find the Point DE F for the fourth, 
fifth and ſixth Station 3 then drawing Lines, namely, from the firſt 
Station A to the ſecond B, and from the ſecond to the third 
C, &c. We ſhall deſcribe the Figure required, ABCDEF. 

Otherwite , whereas here you Add and Subtra@ the ſeveral 
Dittances of South and North, as alſo of Eaſt and Weſt by your 
Compaſſes, you may with a little more pains Add and Subtra& them 
by the Pen , which is the betterway. 

As having ſet down in the Meridian the Southerly diſtance of 
the third Station 1253, I add thereto 1374, which is againſt 
the fourth Station , the ſum is 2627, the Southerly diiance 
of the fourth Station, which I ſet in the Meridian from A to 4. 
Again, to this I add 521, ſo have 3148, the Southerly diſtance 
of the fitth Station A 5, from which ſubtrafting 1553, the 
Northerly diſtance tet againſt the fixth Station, there remains 
1595, Which is the Southerly diſtance of the (ixth Station, to be 
ſet in the Meridian from A to 6. Laſtly , from this, abating the 
Northerly diſtance of the firſt Station from the ſixth, which 1 find 
there alſo to be 1595, there remains o. Shewing that I am re- 
turned to the ſame Parallel; or Eaſt and Weſt Line, in which at 
firſt I began. And in like fort, you may proceed with the Eaſt 
and Weſt Columns , and then by the interſe&tion of two Arches, 
find every Station as before. 

Other ways might be preſcribed , which will not be hard to find 
of your felt. And as we may thus lay down any irregular right 
lined Figure far more exa@ly than by the Protra#or : So when 
it is laid down after this manner, we may caſt up the Ares or 
ſuperficial quantity of it very exquiſitely : Yea, if there ſhould 
be a Plot drawn ( according to the Angles and Diſtances herein 
E 2 given ) 
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given) after the uſual manner , by a Scale fo large, that: the 
Plot ſhould be an hundred times fo great as this ; yet could not 
the Content thereof. be caſt op ſo exaGtly and certainly as it may 
be here. . 

But I muſt not inſiſt upon theſe things , they may. of themſelves 
be conceived, and my intent. is only to teach them » that I be not 
prevented. of time, and by other occaſions from handling: thoſe 
things which I have here more eſpecially intended. 

But as I have faid , this courſe is chiefly to be uſed in Plotting 
large Grounds, and there indeed are graduated Inftruments, 


eſpecially.to be uſed for other ſmaller Grounds; there is none more 
fit than the Plain Table. 


CHAP, VI. 


Of the Compaſs of the Earth, and the quantity of 4 Depree, 
according to the mit. approved Experiments Ancient and 
Moders.. | 


fort obſerved by divers of the Ancients: yet for ſome 
- of them we cannot _—_— gather what meaſures they 

uſed; others uſed no mealure at all ,. but afſumed the 
Diſtance: of places to be ſuch as it was eſteemed by Travellers to 
be, and likewiſe the Latitude; therefore it will be needleſs to 
inſiſt upon the examination of their Obſervations : others of them 
which were taken. by meaſure, . and which we may upon any 
_ ground reduce to: our meaſures ,. are:theſe which fol- 
ow. 

Willebrordus Snellins in his Book entituled Erateſthenes Batavus, 
cites Abel Fedas, a moſt diligent Arabian.Geographer, that lived 
about the. year-of . Chriſk 1322, who records,. that about the 
year of Chriſt 827, certain men skilful in the- Mathematicks, 
did. by the commandment of their Prince Almanon , meaſure 
in the-Fields of A:ſoporamia. ( as he gathers) under. one. and 
the 


\ Lthough the Compaſs of the. Earth hath been in ſome 


+ 
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the ſame Meridian ,: from the North towards the South, the quan- 
tity of a Degree, and found it to be 56 Miles, or ſomewhat more. 
The quantity of their Mile, according to Alphraganu , was 
4000 Cubits, or 6000 Feet, whence the quantity of a Degree 
ſhould be 3 36000 Feet ;. but of the: length of their Feet we are 
ſomething uncertain ; only they define it to be fo. long as the 
extent of 96 Barley-corns laid fide by fide-;” whereas the & .ynland- 
Foot, according to: tryal” by him made, is but the extent of 
go Corns laid in like manner; fo that if there be no inequality 
in the-Grains, then go Arabian-Feet are equal to 96 Rhynland-- 
Feet. But 96 Rhynland-Feet are found to be about 91 4 Engli(h- 
Feet; therefore allo by: the Rule of . Proportion , : 3 36000 
Arabian-Feet do make of our Engliſh-Feet 370222. So that ac- 
cording-to: this Experiment of the Arabians, a degr. ſhould- 
contain 370222 of our Engliſh-Feet. And before we have found 
by the Obſervations taken at London and York, and by the diſtance 
of the Parallels'meaſured, that a Degree contains of our Evgliſh-- 
Feet 367200. The difference” is-only 3022 Feet, that is, about: 
the +2; part. of a-degr. or half min. * 

He cites next” Alhazen the Arabian, who in his Book de Cre- 
puſculis, declares the Compals of the Earth to be 24000000 Paces ;,, 
{10 that proportionally there muſt be.in one degr. 66675'+ Paces,: 
that is 333333 Arabian-Feet. And ſeeing the 90 Arabien-Feet: : 
make of our Engliſh-Feet 994, therefore by the Rule of Pro- 
portion 33333 3: Arabian-Feet, make of our Exgliſh-Feet 367283. 
So that according to Alhazen, there ſhould be in a degr. 367283: 
of our Engliſh-Feet,- differing from. the Experiment which I made- 
only 83 Feet in a degr; 

I have not ſtrained theſe numbers to bring-them-to thisnear-; 
neſs, they are the ſame-in effe& which are ſet down by Snelliixes» 
in his Eratoſthenes-Batavws, who with great induſtry and judge-- 
ment hath- compared the meaſures of the Ancients, and the 
meaſures uſed by feveral Nations in theſe times, . with the- 
Rhynland-Foot. Much lefs have I-ſtrained my -own numbers to + 
draw them up-to theſe : But on the contrary, 1 confeſs upon the. 
fight of his Book, obſerving: the great pains and induſtry which - 
he profefſeth himſelf to have beſtowed., and which 1 doubt nor : 


but he did employ in making his Experiment, and how he had: 
found i 
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found the meaſure of a degr. to be much lefs than mine, as we 
ſhall after ſhew; I began to doubt that I had not made ſufficient 
. allowance for the unevenneſs of the ways, and for ſome ſmall 
bendings , ſometimes to the right hand , ſometimes to the left, 
the Obſervation whereof I wittingly negleted, to ſpare time 
and expence.: 'For I did often oblerve a Mile or two before me, 
ſome Mark'in'the High-way, noting the degr. and meaturing to it 
in the way, neglefting to obſerve the intermediate ſwerving of 
.the way, ſometimes three or four degr. towards the right hand, 
ſometimes as much to the left ; but making ſuch allowance for that, 
and for the unevenneſs as I judged ſufficient. And ſome men may 
think, that the exadt Obſervation of theſe leſſer things thus 
negle&ed, and regulated only by judgment or conje&ure , might 
.deceive me much : But they may confider, that if there be two 
places a Mile diftant, that is, in a right Line 320 Poles, if you 
.meaſure from one of theſe places towards the other, not in that 
right Lines but always ſwerving from it by an Angle of four degr. 
fometimesto the right hand , ſometimes to the left, till you come 
0 that other place; I ſay, that notwithſtanding all theſe fwer- 
-ings (if there be nothing elſe to augment the meafure )- it will 
Not amount to 321. Now conſidering that I had all the way, 
.as occaſion required , made ſuch allowance as ſeemed convenient, 
.and fo found 367200 Feet in a degr. before I compared it with 
the meaſures taken by any other; 1 refolved not to diminiſh nor 
to augment \the numbers thus ariſing by my Obſervations, Mea- 
ſures, and Allowances, in refpe& of the Opinions, Obſervations, 
or Meaſures -of any other man , until there-be made ſome Expe- 
riment more evident and exact than any yet extant. And I am 
ſomething the more confirmed by the near agreement of theſe 
two teſtimonies before recited , both exceeding me a little in the 
meaſure of a degr. But we cannot confidently reft upon them, 
becauſe of that inequality which may be of Corns or Grains; for 
theirs may haply be ſomething greater or leſs than ours. 

Both theſe meaſures of a degr.do much exceed the quantity of a 
degr. found by Snelizs, but when he compares them with his own 
another way, namely , placing the Barley-Corns ſo that they 
way not lie flat , but be ſet up edgewiſe, and ſo by 96 Corns to 
make a Foot, and by ſuch Feet to meaſure a Degree; _ he 

ds 
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finds that the "_” of a Degree , according to the Arabians, 
is much leſs than by his Experiment it ſhould be: but if ſome 
be laid flat, and others ſet up edgewiſe,. the *Hrabian meaſure of 
a Degree will agree with his. And ſo he propoſeth this doubt, 
Whether the 96 Grains, whereof the 4rab:an Foot doth conſiſt, 
muſt lie flat or be ſet up edgewiſe, or- ſome of them to lie flat, 
and others to-be ſet up edgewiſe. But it is moſt probable that 
they muſt lie flat, that being the poſition which-they are apt 
unto by nature ;z. they cannot be ſet edgewiſe without much trou- 
ble, eſpecially ſo many together as make the length of a Foot ; 
and fo the Arabian meaſure of a Degree doth near agree with this 
of mine. 

We come next to hear the determination of Prolomy of Alex-- 
andria , whoſe authority and credit in the ſolution of this _ 
ſtion, is not inferiour to any of the” Ancients. He affirms the- 
Compaſs of the Earth to be 180000 Stadixms, and the quantity 
of a Degree 500 Stadiums ; the fame (as Strabe ſaith in-his ſecond 
Book of Geography) was before affirmed by Poſidonizs; Alſo 
Martinus Tyrius ( before Ptolomy) had determined the quantity 
of a degr. to be 500'Stadiums. Ptolomy confirms it", not ſimply 
from their relations, but as it ſeems from his own experience, 
and that by ſome meaſures diligently taken; for in the eleventh: 
Chapter of the firſt Book of his Geography he hath theſe words ; 
Sed in hoc quoque reite ſentit , partem unam , qualis eſt oirculus: 
maximus trecentorum ſexaginta, quingenta in terra conſtituere Stadia, 
id enim confeſſis dimenſiombus conſonum exiſtit. Alſo bb. 57. cap. 5. 
Ita ut pars una, ſeu gradus unus quingenta contineat Stadia , quem- 
admodum ex ailigentibus depreherfum eſt dimenſionibus. Now a- 
Stadium not only among the Greeks ,. but as appears by Herodotus 
amongſt all other Nations of - Afia and in Egypt, did confift of 
600 Foot; therefore a Degree according to Prolomy, muſt” contain + 
300000 Feet. Bit the Egyptian or Al:xandrian Foot. was much: 
greater than our Foot; for as we have before ſaid , the ancient- 
Roman Poot. is greater than ours, and the Egyptian Foot was- 
much greater than the R:man : for it is often teſtified by Hers: 
Mechanicus , that 5 Alexandrian Feet make 6 Roman Feet.. And 
Mr. Snellixs hath very mgeniouſly gathered both from Philandes - 
and. otherwiſe , . that the Rhynland Foot is equal to the ancient 

Romans 
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"Romiar:Foots therefore allo 5 eAlexanarian-Feet. are equal to 
6 Rhyrland-Feet : So that bythe Rule of Proportion, 300000 
Alexandrian-Feet, will make- of Rhynland-Feet 360000. But by 
the-fize: of our Engliſh-Foot , which was ſent him from the+Iron 
Standard in Guild-Hall, he finds: it to-contain but 968 ſuch parts 
as'the' Rhynland contains 1090: So: that 968 \Rhynland-Feet are 
-<qual'to-1000 Engliſh-Feet, or 121 RiynlandFeet are <qual- to 
-125 Engliſh-Feet. Therefore allo by . the Rule of Proportion, 
.360000/ Rhynland-Feet are equal-to 371900 of our Engliſ-Feet. 
Therefore according to Prolomy, there are contained in a Degree 
371900 of our Engliſh-Feet. But by our fore-mentioned Expe- 
riment made between York, and Lender, we find only 367200 Feet 
in a degree., being lels than Prolomy's by 4700 Feet, that is, by 
34 part of a deg. or. 7 of a min. and little more. 

, © Fernelizs, a Modern Author and Learned a poem. meaſuring 
the way by Revolutions of a Wheel, and the Latitudes by Ob- 
lervation, finds ina degr. 68 Jralian Miles, and 96 Paces, - the 
Pace which.he. uſed being more than 5 of our Englzjh-Feet. But 
- becauſe he handled not the Problem. exaaly, and is ſuſpeRed. by 
Snellizs (though I think without cauſe) to have grounded his Con- 
cluſion-rather.upon the Experiment of the Arabians before ſet 
. down (wherewith it doth nearly agree) than upon his own , we 
will init nolonger upon it. 

... We come in the laſt place to the Experiment of Willebrordus 
Snellizs, a Hollander, made in the Netherlands about 2c years paſt, 
'We. ſhall not need to recite. the particulars of it, being extant 
at large-in his Book before mentioned: but in concluſion, he finds 
in a degr, 342000 Rhynland-Feet. Now a Rhynland Foot ( as 
he hath there ſhewed , comparing both comer is greater than 
ours, and that in ſuch Proportion, as 1000 is -to 963; ( and {6 
much, or little mote, it appears to be by-that Model of the RLy-- 
land-Foot-printed in his Book ) therefore 968 Rhynland Feet 
maſt make 1000 of ours; and hence by the Rule of Proportion, 
342000 Rhynland-Feet , will make of our Enghſh-Feet, 35 3306, 
So that there ſhould be in a degr. only 353306 Feet, which is 
leſs than we have: before found-in a degr. by. 13894 Feet, | that 
is; bythe z4 part'of a degr;, or 2/3, min. and ſomething more. He 
was a; man doubtleſs of; ſingular induſtry and knowledge, and 4 
ny muc 
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murh exerciſe in the Adathemaricks, and it. may. be was well,expe- 
rienced in this.particular , touching the Geometrical Menfſuration 
of-Diſtances,, and he hath beſtowed much pains and.di 
this Experiment ,. as by his Book appeareth. - But if he h 
Ghain meaſured the Diſtance of his two utmoſt Stations. (uf the 
ground would permit , which I ſuppoſe it would not), or at leaſt- 

ve 


wiſe if-his mealured Stations had becn turther diſtant. z 1 can 
he would have found a greater Diſtance in. his two, utmoſt places 
of Obſervation. But it a-man, intending to-find the dultance 
of two places , meaſure only the 7:5 part of that Diſtance, and 
by that meaſured Line and the Angles, think to find their true 
Diſtance ; whether he do it immediately from the two mea 
Stations, or immediately by help of others obſerved fram them, 


lured 
blem be exaQly true in Geometrical Demonſtrations, how. in 
and 


he may eaſily fall into ſome notable Error. Far though 
ſoever the mealure be, yet it is notſo in ſenſible and experimental 
Pra&tices, by reaſon of the weakneſs even of the beſt Eye, a 
the imperfeQtion of the Inſtruments themſelves, and in their ule, 
Ang beſides that there were many Stations. obliquely Þ 
a man cannot always hit the juſt middle of that Turret, S 
or other mark which he obſerves; neither when he comes to make 
his Station there, can he alwaysplace his Inſtrument juſt at_thg 
concourſe of his former viſual Lines ,. by reaſon of other impe: 
diments. Beſides the force of the wind in ſuch eminent places 
and moreover, that amongſt ſo many Steeples as there are in ſome - 
Towns, there, a man may at ſome time miſtake one for another. 
And if there ſhould happen no notable Error , by reaſon of any 
or of all theſe Caſualties : yet may two minutes, in the difference 
of the Latitudes. of two places be eaſily miſtaken, eſpecially being 
derived from the Latitudes of thoſe places which are'very rarely 
ſor down true to a minute. 

If it be objeted, that I'might as well be fo much miſtaken in 
the differences of the Latitude of Tork and London. 

1 anſiver, it is not ſo likely, becauſe 1 had the : 


opportmity; of 
obſerving the Summer Solſtitial Altitude of the Syw.in-both ply 
wherein I had no neceflary uſe of\the Suns Parallax.nor | 
nor' of the Table of the Suns Declination, any:of which.miy eatſe 
more than a min, error, in finding the Les of either place. 


Peliccs, 
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'Belides, i mine Etrvur in thoſe Obſervations thould be full as 
i It t\bt in the Condlaſion be half formuch, becauſe 
the till nTatitode of the two places of my Obſervation is 
th Twite fo much as that of his. | 

2 Voffieur Picart publiſhed an: Account. 
© mien of the Earth, a breviatewhereof 
fy bi Neck | loſophital Tranſat#ions , Nw. 112. wherein 
ne eonctudes ploy hs to cohtath 365 184 Entliſh-Feet, nearly 
rreeing tb Mt. Vorword's Experitncnt. 


ce, tavingevery man to etnbrace that: which 


The pprove. ' Both out Experiments do ſufficiently con« 

MHA Edtnmoh Ettbur of coufiting only 300000 Engliſh-Feet 

bebe the conſent df other Oblervations before recited,. 
rfl. 


# hath frrthet in- that Book of his ,. entituled Era- 
0 , with much _ compared ome ancient. 
.*vulfo the meaſures of Andy fo reign Countries with 
laidFor,; and amongt out Englsſh-Foot., ac- 
Vas is SEN of to 5. fent from the oe in Gmuild- 
$i (rt I A I'had about zoyears paſt, the ſize of that 
50t -ofed 'inthis meaſure ,.) weſhall not need to 
"he t Tk becauſe his Book is extant :- Seme of them are 
, which: we here 'compare 'to our Prgliſh-Foot, 

M there done to the Rynland, that fo any of them may 

trot Tedneed mto-our Feet. Therefore-dividing the 
EE ot Tetoa thouſand equal parts, we ſhew how many. of 
Mole pates are contained inorher Ancient and Foreign Feet. 
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"I , toon Feet comparethwith oORY Engliſh- Foot. - 


"WG ſock, parts: as the Zng/;/-Foot .contains- 108) 
| Aline ildnesPoce Contains - 
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Foreign Feet compared with our Englih-Feo:. 
'Of fuch parts as tho Engiiſh-Faot containg 400d 
f Rbyaland-Foot contains 103 
Dort-Foot contains | ro8g 
[ITO cantains | © 992 
| Anſterdam-Foot contains | 1 934 
| Anrwerp-Foot contains 939 


ah HafnianFoot in Permark , contains | 
Pars -Foot, called the King's Foot, contains 
FYenice-Foot contains ' 
Toteds-Foot contains &: fur 2 
| HE -Feot contains | 
Itrafburg-Foot contains 
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CHAP. VII. 
Of dividing the Logins, end reckoning the Ships Of 


ation is el the ud Da 
Sf the Longitude , onde , tine; Gourle, an 


other wa ouch te Lonrte, thug wer Frogaer 


ral Rule true Toad praticable, whereby the Leagitade a 
might be immediately and ordinarily found of themſelves... 


Latitude of places may immediately be found by Objerain of of 


the Sun and Stars, as ——_ have e Crogee, te 
_ 


T=# be four things, p_—__ which the Praftice of Nevis 


to the Dotbrine of T; The Courſe by 

Variation being duly. , wherein we have 

—_ vey exp expert, this we have ab(o handled in the 
pherical 


riangles, The Diſtance run is found of ib 
þ-4y/poir ol advert weunthes os | 
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The ground of finding the Diſtance run by the oo is meerly 
conjeQural., * beitig 'founded-\apon this Opinion,. That 5 of our 
Feet make a Pace, and 1000 ſuch Paces make a Mile , and that. 
60fach Miles make a Degree; ſo thata Degree ſhould contain 
399900 of our Feet. But it appears not only by this Experiment, 
but even by all others that were diligently taken., and their mea- 
ures to us known... that there is a greater number. of. our Feet 
contained in a Degree. 
.; There be- three things ( as I conceive) that have cauſed this 
Error to be fo commonly received and tolerated. The one, for 
it doth ſomewhat: counterpoile another coutrary Error. in 
fractice of Navieeion;. namely in the.uſc of. the Plain Char: ; 
C; the- Error which is there committed by making every 
equal” to the EquinoRial , and fo.cvery Negree..in them 
greater than, they ſhould be, is . fomething-moderated. by this . 
Error; whereby the. meaſure of a Degree is eſteemed lets than 
indeed it- is. 
or Ioſtance.;.. It.is evident by_the Globe., that the Meridians 
concurring in the Poles grow nearer and nearer together , as they 
grow towards the Poles; Infomuchyas if two Meridians be diſtant 
in the EquinoRial 10 degrees, that is 600 Miles , . the ſame 
Meridians io the. Latitude of 35 degr. will be diſtant .little more 
than 490 Miles. Now if unto every Mile we account accordih 
to the former Experiment 6120 Feet, then is the diſtance of thoſe - 
two Meridians rtf that Parallel ncar, 3000000 Feet, In like ſoxt 
theFlhirGhars, io deg. of that Parallel Gas-of, all others) is made 
equal*to7 o-deg, of the EquinoQial or-Meridian'; {6 that the:Di- 
flance* of theſe two Meridians will upon the Plain Chart be 600 
Mites , but -one- of theſe Miles contains only 5000 Feet, ſo, thar 
the Diftanc eis but. 3 000000: Feet, equal to.the former. . 
*” And.atthough the(eErroxs. in:other cafes do inet jaſtly ballance 
ene''another.; as in this Example , yet that of the Plain Chart is 
always {dmething moderated by this other, and ſo. much the more 
by: how mueti they arc nearer to the aforeſaid Latitude. I-grant 
that: this: is only:ſo: when the Courte is near-unto the,Eaſt os Weſt 
Points; but weithal 5:1 ſay. that this kind of- reckoning -is (in a 
manaer 3: then-only uſed» For he that runs-any, Coprle, near the 


Kfcridian. Southerly or Northerly.,. hath a more certain way. of 
b reckoning, 
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reckoning , namely his Latitude, which he finds daily by Ob- 

ſervation of the Sun andStars, upon which he will depend, either 

neglefiing, or at leaſt not regarding his dead reckoning, Yea, 

(if it may be) never caſting the Log fo much as once in ſuch a 
Voyage, having a more ſure ground for his reckoning. But-in a 
Courle that is near the-Eaſt and Weſt ( foralnwich as there is no - 
way diſcovered for finding the Longitude ) he is driven of: necc{- 
ſity to make uſe of his dead reckoning. . , 

We might add moreover, that the principal Voyages of this 
kind , I mean of thoſe which conſiſt of Courles much Eaſterly and 
Weſterly, as to and from the Wef-[ndzes, and the Parallel of Cape 
bon Eſperance are near unto:this Latitude of. 35 degr. ſo that as 
ſome of them are- more Southerly , . others 0i- them are more 
Northerly. | | 

But toinſiſt no longer upon this;, 1 ſuppole a ſecond cauſe to be; . 
for that men commonly delire to have their reckoning before their 
Ship (as they fay) that they fall not with a place before they look 
for it.: - And this comes ſo to paſs, whilſt the Miles are accounted 
leſs in meaſure , and ſo more in number than they are indeed. 

And thas , though there may ſeea to be. fome commedity in 
theſe Errors, eſpecially when they do nearly ballance one another ; 
yet becauſe they ſeldom do ſo, but always leave men in uncertain- - 
ties, and oftentimes in great perplexity and danger, it is much 
ſafer and better to rejeR them both , and.to embrace thoſe ways A 
which'are evidently grounded upon truth , though there may bg - ; 
in them ſome more difficult at the firſt. . Yet.I confeſs, that he - 
which reforms one and not another , may ſometimes crre ſo much - 
the more thereby. - And I doubt not , but many would zeform 
them both, if they could certainly-do fo. . 

Therefore a third cauſe of admitting and retaining this Error © 
feems to be ; for that there hath been no way delivered from evi- - 
dent and certain Grounds for the re&ifying of it. I doubt not but : 
many have. found Errors in» their Reckognings ariſing from hence, . 
that they accouut:only 300000 of our Feet to a Degree; but - 
aot knowirs:- certainly where to lay- the fault , have imputed it 
ſometimes to ill Steerage ; otherwhiles to the vaxiation of the 
Needle, or to fome-miſtake in their Reckonings, or to ſome Error - 
in:their Plots , or to ſome Current, or fuch other accident, and D 3 


- 
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.the Errour hath reſted unreformed. Wherefore although the 
praRical performance of this Problem for finding-the Circumfe- 
.rence of the Earth, or the quantity of a Degree on the fame, have 
many fingular uſes which 1 cannot now touch; yet that which 
ainong(t the reſt I chiefly aimed at, was, that we might have a 
. more ture and evident ground for dividing the Zoz-Lne , and for 
reckoning the Ships way or diſtance run more truly upon any Rumb 
or Point of the Compals than formerly. 
And now to apply it to this purpoſe, we have nated before 
(Chap. 2.) that by the Experiment there expreſſed , we find in a 
. Degree -on the Circumference of the Farth and Sea, 367260 of 
our Engliſh-Feet. Wherefore retaining till the ſame diviſion of 
a degr. into 60 Miles or 20 Leagues (as hath been formerly ufed)) 
a Mile will contain'6 120 Feet, or 1020 Fathoms: and fo aLeague 
contains 18360 Feet, or 3060 Fathoms; for dividing 367200 by 
60, the Quotient is 6120,0#c. Thus then 60 Miles being a Degree, 
every Mile is 6120 Feet. 
© Now ſuppoſing the time of the running out of the 'Zeo-lize to 
be menkiens? by a Half-minute-glats, 'if we obſerve how many 
[Feet or Fathom fhe runs in half a Minute , we may thereby find 
her way for an hour or 4 hours , or for any other time propeſed. 
As admit there runs out of the Zog-limd m half a minutes ſpace 
$51 Feet, or 8* Fathoms, and you would know what way the Ship 
,makes eyery hous after the fame rate.; ſay by the Rule of Pro- 
portion , | 
If 02 Minutes give 5r Feet, 
What gives'60 Minutes? Or, 
If 1 Minute gives 102'Feet, 
, What gives 60 Minutes ? 
© And fomultiplying, you ſhallfind 6 : 20 Feet, which is one Mile. 
'Or, if you would find her way for four hours, which is 240 Mi- 
mute, fay,. 
__, As 1 Minnte, is in proportion ts 240 Minutes; 
= So are 102 Feet, to 24430 Feet, or 4 Miles. 
- Or, if you would haye itin Fathoms; ſay, 
© -As' 1 Minute, is in proportion to 240 Minutes; 
So is 17 Fathoms, te 409o Fathomss the Ships way in 
four hours. Th 
c 
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The like is to be conceived, if your Glaſs be for any other quan- 
tity of time aboye of under a Minute. | 

e have thought that the way which the Ship maketh , may 

be known to an old Sea-man by experience ( as they fay ) that is, 

by conje@ure; which Opinion makes ſome negle& the uſe of the 

Log , leſt they ſhould be accounted young Sea-men. But as he 


that rides ofterywill have ſome near gueſs how far the pace he rides 
will carry him in an hour ( becauſe he hath often obſerved it 


formerly ; ) ſo he which hath often failel , and kept an account of 


the Ships way by the Log, will be able to give ſome near eſtimate 
of her way without the Loo. Burt it is incident to ſome men to 
have ſuch a conceit of this their eſtimate, that they think it more- 
certain than the Rule it{elf, from whence it is derived, eſpecially 
if it chance to anſwer their expeQations at ſome” times. 

' It is thought alſo that the Ships way may be known, by two 
Marks on the Ships fide, but this is doubtlefs very uncertain, both-- 
by reaſon of the ſhortneſs of the time, and in reſpett of the 


. dead water ( as they call it ). by the Ships fide. For the water- 


which is near the Ship, is drawn along with the Ship in her motion, 
and ſo much the more , by how much it is nearer. 

But if any deſire to make tryal of this way, it is to be conki- 
dered, that 17 Foot is 5*;5 part of a mile, and 10 ſec. of a 
minute is 32; part of an hour : Therefore if there' be two Marks 
on the Ships ſide diſtant 17 Feet , if the Ship run the diſtance of 
theſe two Marks in 1ofec. the runs a mile in an hour , -if in 5 ſec. 
two miles an hour, if ſhe rths that diſtance in 2 ſec. ſhe runs - 

miles in an hour. And fo always dividing 10 fec. by the num-- 

r of fec. in which the Ship runs im that diſtance , the Quotient - 
ſhews the'miles and parts-of a mile run in an hour. 

But if the diſtance of thoſe two Marks be 34 Feet, if ſhe run-it 
in 20 ſec. it is after a mile an hour; if t- 10ſec. tivo miles an - 
Hour, if in 5. ſec. four miles an:hour :*.and ſo always dividing * 
20 tec. by the number of ſeconds, in which the Ship runs that 
diſtance, the —_ fhews how mary miles the Ship runs an 
an hour. As if the Ship run'that diftance of 34 Feet” in '$ toc. 
then dividing 20 by $, the Quotient is 23 , ſhewingithat-ſhe runs” 
2+ miles in-an hour;.. Or, at you'can-convenently make the di- 
Mince of the two Marks on the Ships fide to be 51 Feet ( Mir the 


A 
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further they are diſtant the better) then if the Ship run that -di- 
ance in 30 ſec. it is a mile an hour, if in 10 ſec. it is 3 miles an 
hour ;- and fo always dividing 30 lec. by the-number of ſeconds, 
in which the Ship is running that diſtancg, the Quotient ſhews after 
that rate how many miles the Ship runs in an hour. 

Otherwiſe you may do thus, Divide 17 Feet into 19 parts, and 
ſet as many of thoſe parts on the Ships ſide, as conveniently you 
may, which according to the Ships length will be more or fewer. 
Then when the Ship runs one of thoſe parts in a ſec. of time, it is 
a mile an hour; + when two, it is two miles an hour; when five, it is 

five miles an hour. And in general, if you divide the number of 
parts run by the time of running accounted in ſec. the Qyotient 
ſhews what number of miles after that rate are run in an hour. 

As if ſhe run thirty of thoſe parts in five feconds, it.is fix miles 
an hour; for dividing 30 by 5, the Quotient is. 6; ſo if ſhe run 
forty-two of- thoſe. parts in 10 ſeconds., dividing 42 by 10, the 
Quotient is -4 3, which ſheweth the Ships way at that time to bc 
after the rate of four miles and twottenths of a mile in an hour. 

, But for keeping this account of time, it may be done either 
by a Sand-glaſs for-that purpolc , or by pronouncing certain 
words-or numbers :-as the time wherein a man -tells twice 60, 
pronouncing every number as faſt as he can conveniently and di. 
ſtinaly,.- is about a minute; fo that the time wherein a man is 
numbring-60., -is half a minnte or 35-ſgconds; and whilſt a 
-raan is numbring two ( as one and twenty , two- and twenty ) is 
a {ſecond ; and A whilſt a man is numbring from twenty to thirty, 
is five ſeconds; from twenty to forty , ten ſeconds, cc. but in 
-numbring from one and twenty, you may obſerve the ſame tintes 
as in numbring-from one and twenty to forty, and this will not be 
*hard to do ;z” for whilſt a man pronounceth one and twenty, two 
and twenty, three and twenty , Cc. there remains a certain [m- 
preſſion in the Fantaſie, whereby a man is able in the ſame times 

- to pronounce one, two, three, &c. And although this Rule of 
numbrings twice 60 for a minutes ſpace be not general unto all men, 
becauſe ſome are fwifter or flower in their pronunciation than 
others; yet after this Example, a man making tryal , may frame 
-a_ Rule <to' himſelf, whereby he may :come tomething near the 
eruth. 

But 


_ a Half-minute-glafs; Then ſeeing the hundredth part of a degree 
G 
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- «But leaving theſe , we come to the diviſion of the Log-line, ac- 
cording to the Half-minute-glaſs, which is more uſual and certain. 
And conſidering that half a minute is of an hourthe ;*; part,there- 
fore the Ships way running 51 Feet in half a minute, is a Mile 
an hour; if ſhe run twice ſo much, that is, 102 Feet in half a 
minute, it is two Miles an hour; if thrice ſo much, it is three Miles 
an hour: and in general, how many times 5 1 Feet ſhe runs in half 
a minute, ſo many miles is her way for an hour. Therefore leaving 
half a ſcore Fathoms, or more from the Log,that ſo it may be out of 
the Eddy of the Ships wake, before you begin to account or turn - 
the Glaſs; if there you make a Mark for the beginning, and fo 
51 Feet from thence a Mark of one Knot, and 5 1 Feet further a 
Mark of two Knots, and 51 Feet farther (that is, 135 Feet from 
your firſt Mark) another Mark of three Knots; and fo proceeding, 
look how many Knots are veered out in half a minute, ſo many 
miles is the Ships way for. an hour. Now for that which is'veered 
out more above the juſt meaſure of a Knot or Knots, you may allow 
for every five Feet the tenth part-of a Mile almoſt. As admit ſhe 
run 5 Knots and 25 Feet in fialf a minute, then is her way ac- 
cording to 574, or 5 Miles and a half in an hour; if 6Knots and 
10 Feet, it is 675 Miles in an hour, &c. 

But according to the common Opinion of 500d Feet to a Mile, 
and 60ſuch Miles to a Degree, there ſhould be ſomething els than 
7 Fathom, namely, 41+ Feet to a Knot. - k | 

And although he which veers the Log-live be careful to over- 
hale ir ſo lack, that it may not draw forwards the Loz,, yet (no 
doubt) it doth loſe ſome way , following the Ship a little as it is 
drawn by the Line, and withal by the Eddy of the Ships wake, and 
ſometimes alſo is caſt forwards by the Wind and Waves, when they 
come after the Ship : fo that for theſe cauſes, it is like, there'may 
ſometimes be allowed three or four Fathoms more than is veered * 
out; but this (as a thing mutable and uncertain) being ſometimes 
more , ſometimes leſs, cannot be brought to any certain Rule, 
but fuch allowance may be made as a man in his experience and 
diſcretion finds fit. * .Þ ; 

If you would divide the Log-line fo as it might give the Ships 
way in Genteſms , or the hundredth part of ad "and fit it to 


3672 
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3672 Feet, and the 747 part thereof is 3+ Feet; if you begin 
at the mark 'at which you mean tg turn the Glaſs, and meaſure 
from thence 30 Feet, and three fifth parts of a Foot, you may there 
place x Knot; and thence again meaſuring 30 Feet, and three fifth 
parts of a-Foot, there place two Knots; and ſo proceeding at the 
end'of every 30 Feet and three fifths, adding a Knot, the number 
of Knots which run out in half a minute, is the number of Centeſms 
which 'the Ship runs in an hour. As ſuppoſe there run out 
10. Knots in half a minute, then the Ships way according to 
iaCenteſmsto a degree in an hour, that is, the tenth part of a 
degrec, or 6 miles. And fo every 3 Foot aboye the juſt meafure 
of Knots, is near the tenth part of a Cexreſm, or the hundredth 
part of a degree. As if there run out of the Log-line 5 Knots and 
12 Feet, then the Ships way for an hour is 5 Centeſms , and four 
tenth parts of a Cexteſm : the like is to be underſtood of others. 

- And after the form of theſe Examples you may divide the Log- 
lneftorany:other quantity of Time, more or leſs than half a minute, 
or for any other parts of a degree propoled. . 

Thus have we handled the Diviſfon of the Zog-line, according 
to the meaſure before found of 367200 Expli/h-Feet in a degree. 
But becauſe (as I have before ſhewed ) the Ships way is com- 
monly-more than by the Zog-line it appears to: be, and every man 
defires tohave his reckoning ſomething before his Ship, that he fall 
not with a place unexpected ; for theſe, and fuch other cauſes, 
and for therotundity of the number, if any man think it more ſafe 
and convenient in Sea-reckonings, he may abate one in 51, and fo 
aſſign.to a degree only 360000 Feet, and conſequently to a mile 
6080 Engliſh-Feet. 

--And*upon this ground , if in half a minute there run out 50 
Feet of the Zo2-Gne, it is a mile an hour; and ſo if 100 Feet run 
ont an a minute, ; 

For, As 1 minute is in proportion to 60 minutes z 
-- 1 $0 is/100 Feet to 6200 Feet, 

.* And ſo forafmuch as 25 Feet is ;*; part.of a mile, and 15 ſe. 
conds is alfo ;4; part of an hour. Therefore if there be two Marks 
of the Ships fide diſtant 25 Feet, . if the Ship run the diſtance 
of, thele two Marks in 15 ſeconds, it is after the rate of a mile 
an hour; ifin 5 ſeconds, it is 3 miles an hour; and ſo always 
dividing, 
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dividing 15 ſeconds by the number of ſeconds in which the Ship 
runs that diſtance; the Quotient ſhews the miles and parts 'ot'a 
mile run in an hour. Burt if the diſtance of theſe two Marks-be 
50 Foot , then if ſhe run- 39 ſeconds, or half'a minute ;"*t-is 
a mile an hour; if in 10 ſeconds, three miles an hour; if in five 
ſeconds, fix miles an hour, ( for 30 divided by 5, the Quotient 


ſccamts, in which the Ship runs that Diſtance; the Quotient ſhews 
how many miles ſhe runs in an hour, Gc. 

Otherwile , if you make a mark on the Ships fide at every 20 
Inches, then when the Ship runs one of theſe parts in a ſecond 
of time , it is a mile an hour; when five, it is five miles an hour; 
if ſhe run cighteen of theſe parts in three ſeconds, it is fix miles 
an hour. For dividing 18 by 3, the Quotient is 6. And in 
general, if you divide the number of the parts run, by the number 
of ſeconds {pent in running, the Quotient ſhews the Ships way in 
milesfor an hour. ; 

But for dividing the Log-line according to this ground of 6000 
Feet in a Mile, if you intend to uſe it with a Half-minute-glaſs, 
then becauſe half a minute is 735 part of an hour, and 5o Feet is 
alſo the 7 £x part of a mile; therefore when the Ship runs yo Feet 
in half a minute, her way is after the rate of a mile an hour; it 
100 Feet in half a minute, it is two miles an hour, ec. - 

Therefore half a ſcore Fathoms or more from the Log, you may 
make a Mark, and beginning from thence meaſure 50 Feet, and 
and there make the firſt Knot, and 50 Foot farther two Knots, 
and 50 Foot farther three Knots : And fo preceeding , look how 
many Knots ts run out in halt a minute, fo many-miles is the Ships 
way for an hour: ant] every 5 Feet more beſides the Knots, is 
a tenth part of a mile; as if there run out 6 Rnots and 20 Feet 
in half a minute , the Ships way is after the rate of 6;# miles m 
an hour, &c. 

And if the Glaſs were for any other time more or leſs than half 
a minute, you may make the diſtance of your Knots proportional : 
As if it were for 20 ſeconds, then becauſe 20 feconds'is of an 
hour the 7553 part, I divide a mile, which is 6000 Feet, by 180, 
and the —_ is 33 2; therefore there muſt be a Knot at every 
33 Feet and 4 Inches. 

v | G 2 If 


is S And fo always dividing 3o ſeconds by the number of 
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If your Glaſs be 36 ſeconds, which is 743 part of an hour,Givide 
6000 by, 100, the Quotient is 6; ſhewing that there muſt be 60 
Feet to every Knot; and then every 6 Foot over and above. the 
Knots, is a tenth part of a Mile. more. ; | 

And ſo.it is better that your Glaſs be more than half a minute, 
rather than-leſs; and the more. the better, provided that there.run 
out no- more Line than.you.may hale in again , without danger of 
breaking. IF] 

Laſtly, if you would ſodivide the Log-kine , that it might ſhew 
the Ships way in Cemeſms of a degree,and fit it to an Halt-minute- 
glaſs, Then foraſmuch as the hundredth part of a degree is 360 
Feet, and the 735 part thereof is. 30 Feet; therefore beginning at 
the Mark whereat you intend to turn the. Glaſs ,, meafare from 
thence 30 Feet, and there make one Knot, and at 30 Feet farther 
two Knots, &c. Then look how many Knots run out in half a mi- 
nute, ſo many Centeſms of a - is the Ships way for an hour. And 
ſo if the Glaſs be 36 ſeconds, then every Knot muſt have 36 
Feet, Cs. ! 

Now if a man. Sailing between any two places which lie near 
Eaſt and Weſt one from another, have kept his Reckoning by Courſe 
and Diſtance, uſing a £og-bne fo divided , that it have a Knot at 
crory'7 Fathoms (as many do) and would reduce the Diſtance of 
thoſe two places ſo found, to-their Diſtance in ſuch Miles, as theſe 
of 60: to adegree,.cach containing (as we have ſaid) 6000 Feet ; 
the rtion in number of thoſe to theſe, is as 6.to 5, for fx 
of them make five of theſe. 

As admit a man in his Dead-reckoning, uſing ſuch a_Log-line as 
hath a Knot at.every 7 Fathoms , and for every Knot running out 
in half a minute, he accounts the Ships way to be ſo many Miles an 
hour-; and atcording to ſuch a Reckoning , ſuppoſe he find the 
Diſtance of two Places to-be 1224 Miles, or 40$ Leagues, and 
would know the Diſtance of the ſame places in Miles of 60c © Feet 
to-a.Mile ,which is _—__ a'Log-line that hath a Knot at every 
50 Feet. . Say then by the Rule af. Proportion : 


As the number 6 Co. «r. 9.22185 
is.in propertion to 5 . 0.69897 
$0 is the number of Miles given.,. 1224. 3.08778 
to the number of miles required , 1020- 3-00860 


Which 
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Which 1020 is the Diſtance of thoſe two places, in ſuch Miles 

whereof 6 make a deg. Or to find the ſame in Leagues, the Pro- 
portion is: As 6tog; lo is 408 Leagues, to 340 Leagues. 

Aad thus may the Diſtances of Places be found in ſuch Miles, 
whereof 60 make a deg.eſpecially if with the Diſtance expreſſed in 
the Plain Caart, you compare the Reckonings of ſome skilful Mari- 
ners that ®ave ſailed from the one to the other. But thus to endea- 
vour a reformation of the Plain Chart , were a-Labour to little 
purpoſe; for there the.correfting of. the true ſituation of two 
places, in reſpeR of one another, 1s- oftentims an occaſion that the 
ſame places are the more falfly ſituate in reſpe&t of others..Like as 
if there: were two places 8 Miles diſtant, and it were required ts 
place a third three Miles from either of them ; here, if we ſet the 
third in themiddle, it will be four Miles diſtant from either :_ But if 
(attempting to-mend that Error) we make the third to be three 
Miles trom the firſt, then will it be five Miles from the ſecond. And 
thus unavoidably, the mending of the one is the marring of the 
other, becauſe the thing propoſe is not poſhble.- 

| And ſuch is the Error of the plain or common Sea-Chart, repre-” 
ſenting theEarth and Sea,not as a Spherical,but as a Plain Swperficies, - 
not as if the. Meridians digconcur in the Poles, but as if they were 
always parallel one to anether. So that the Graduation and Pro- 
jeRion being ſuch, the Situations and Diſtances of . places cannot. be 
generally and truly exprefſed therein. 

But the Graduation: and Projeftion of AMercatoras Chart, agrec- 
ing without ſenſible Error with the Globe , there may in that be 
deſcribed all or any parts of the World, according to their Longi- 
tudes, Latitudes, Courſes and Diſtances, as truly, and. far more” 
conveniently for the Mariner's uſe than.upon the Globe it ſelf; and 
upon ſuch a Chart ſo deſcribed , a Reckoning may be truly kept, 
and.any Error committed may eaſily be diſcerned and amended. 
Whereas onthe Plain Chart, it a man find his Reckoning to dil- 
agree., he is ſo far from knowing how to amend. it, that he can 
ſeldom conjeQure.-where the fault was. . 

The negle& and want of theſe Charts, hath been, and is a-great 
imperfe&tion in Navigation and Geography, For howloeyer there. 
be. ſome which do daily ſet forth for tale Maps of the World, 


and of the. paxts thereof, according to this Projettion, yet to ; ihe 
t ; 
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them _—_ ſuch, and fit for Navigation , requires in the Author or 
Maker of them-good knowledge , and fome competent ability of 
-his,own , or ayd from others, with a greater love to the Truth, 
that to his own Profit , which may induce him to beſtory fach Jn. © 
duſtry, Time-and Expence, as I have formerly noted to he requiſite 
in fuch a Work. 

* For the furtherance whereof, and of the Practice of Favigation 
in general, I ſhall endeavour in the two next Chapters to ſhew 
# methodical and orderly way-of keeping a reckoning at Sea, 
more diſtinly and exaQtly than hath been formerly uſed, and 
ſuch as may aptly be ſet down in any Chart , and applied in the 
three principal kinds of Sailing ; namely, according to the Plain 
:Chart, or Mercator's, or according to the Arch of a Grear Circle. 
And by a few Reckonings truly fet down , according to this form, 
the Maps of the World, and of the parts thereof, might be much 
reformed. 


CHAP. VIII. 


A formal and exact way of ſettihg down and perfecting 
Sea-reckontng, bs 


5  Lthough the Courfe and Diſtance cannot be fo truly and 
. certamly known as the Latitude may be; yet we muſt 
endeavour in theſe allo to come as near the Truth as 
may be , the rather, for that ſome Reckonings muſt ne- 
ceſſarily depend wholly upon them. - And to that end, thoſe which 
in- their Voyages at Sea, have occaſion to run far upon any 
Courſe or Courſes near the Meridian , may do well to make tryal 
_ of that which I have formerly fet down , touching the quantity 
of '4 degree of the Earth and Sea in our known' meaſure; and 
eſpecially in the Eaſt-Indian Voyages ; ſailing from the Lizard in 
the Welt part 'of "England, to Cape box Eſperance in Africk,, they 
have opportunity of making an ample Experiment hereof. 
But” leaving this to the Practice of the skilfaul and induftrious 
Sea-thar , we come 'now to ſhew' #n orderly and exa&t way of 
24 framing 
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framing and keeping a Reckoning at Sea; for which purpoſe 1 
have made the Table following, which ſheweth how much a Ship 
is more Northerly or Southerly , and how much more Eaſterly 
or Weſterly, by Sailing upon any Point or halt Point of the Gom- 
paſ, any number of Miles propoſed. 

The like Table I made many years ſince, and taught the 
Uſe of it in Navigation; whether it were then uſed by any other, 
I know not, I had it of no man; but this I ſpeak, that if 
any man claim the firſt making and ule of ſuch an one, he may 
have it. 

The Ground of making this Table is the fame with the 
former. For as Radius #7 proportion to the Diſtance 71m , . So 8 
the Sine Complement of the Rumb, to the Diſtance of 'North or 
Sonth , and ſo is the Sine of the Rumb, to the Diſtance of Eaſt or 
We/7, Therefore here for 10 miles upon any of the four Points 
from the Meridian, we ſet in the ſecond Column the Sine Com-- 
plement of that Point ( reduced into degr. ) and-inithe third the 
Sine thereof. As the ſecond Rumb or Point from the Meridian, 
being 22 degr. 30 min. the Sine Complement thereof which is 
0239 ſet in the ſecond Column againſt 10; and the Sine thereof 
3827, I ſet in the third Column: and __ done this for 
] . miles in every Column, the reſt may Þbe ealily drawri from 
them, * | AI 

As in the ſecond Column , for the firſt half Pointagainſt 10 
miles, finding 9952 , I ſet the half thereof namely, 4976 againſt 
5 miles, and the tenth part thereof, namely, 995 againſt one mile, 
which doubled or added to it {elf, is 1990, to be let againſt 2 miles, 
whereto adding the ſame 995 , the Sum is 2g8y for 3 miles, and 


fo for the reſt. 
And thus for every Point and half Point from the Meri- 


dian , there are three Columns: In the firſt whereof , there is 
ſet down a number of Miles run upon that Point or half Point ;- 
the ſecond ſheweth how much the Latitule is altered ,. that 
is , how much more you are Southerly or Northerly, by running 
ſo far upon that Point or half Point; the third , how much 
you are more Eaſterly or Weſterly , by running that Gonrle- 
and Diſtance, | 

The- 
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The numbers ſet in every firſt Columns from 1 to 1c, are alfe | 
to be underſtood from 10 to 100, or from 190 to 1000, and { 
the Figure in, the fourth place of the ſecond and third Co- 
Jamns, anſwer to. the firſt. As admit a Ship run South and by 


Weſt, ( that is, South, one Point Welterly, 165 Miles) I ſet 


down this number thus; and look- 
100] 981; 1g5] -ing -in the Columns of the firſt 
60] '538' 117] Rumb . againſt 10 ( which may 

5] 49] 19] be underſtood to be 1co) I find ; 

" 765] 161.8] 32.2' againſt /it in the ſecond Column 
; ' 981 almoſt , and -in the third 
495, as allo againſt 6 (that is, 6) inthe firſt Column, there 


3s 58$ in the tecond, and 117 in the third: alſo againſt 5 in 
he firſt Column, there is. 49 in the fecond, and almoſt .10.in the 


Theſe Tet down , -and ſumm'd-up as here appeareth , ſhew that 

a Ship running $. by W. 165 Miles, is to the'Southwards of the 

place from whence ſhe departed 161 Miles, and 8 Tenth parts of 

a Mile; and to the Weſtwards 32 Miles, and 2 Tenth parts of a 

4 _ Mile. lf you deſire more exact- 

100 -= 1950 neſs, you may ule all the places 
5 


«1.| 65} 5385] 1170] for the firſt or greateſt number, 
porre.| 5 49 97| which is here 100. 


"165 161.83] 32.17 As inthis ſecond Example,where 
E | the Southerly Diſtance .is 161 74 
Miles, and the Weſterly 32 552 Miles. 
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alſo 
am 4.4 Table of the Northing or Southing , Eaſting or Weſling 
1 by of every Rumb and half Rumb from the Meridias ; 
[ ſet according to the number of Miles run upon that Rumb. 
00k- | 
firſt Up n point. 72 pon. 1 point, |7 point. 15] pon. 63 porn. [2 point. !6 pornt. 
6 M.\5. 373 84-2231: 15: [78. 45 [16. 52 [73-7 322. 3967+ 30 
5+ 18 11 995 g3| 981] 195] g57 2901 g24| 383 
ird 2| 1990 | 196] 1962] 390| 1914| 580| 1848] 766 
y 3] 2986; 294] 2943] 535] 2871 | 870] 2772] 1148 
= 4| 3981 392| 3923] 780|g827| 1161} 3696| 1531 
" 5| 4976] 490| 4904| 975| 4734 | 1451| 4620] 1914 
a 6] 5971| 5883] 5835] 1170] 5741| 1741] 5544| 2297 
. 7| 6966 | 636) 6366| 1365 | 6698 | 2031] 6468] 268 
be 8] 7961] 784 7846 | 1560 | 7655 | 2321| 7392| 3062 
= 9| 8957 | 882| 8827! 1755] $612 | 2612] $315] 3445 
ln 10] 9952 | g80| 9803 1950} 9569 2902 | 9239| 3827 
Ct- 
ES 24pozn. [53 poin. |3 point. 5 point,|33poin.|4z poin.|4 point. þ pount. 
Ki [M.[28. 73|61.523{33- 45 $6. 15]39-223 [5:372|45- 0945. 0, 
_ 1] 882 471; 831, 556| 773] 634] 707] 707 
Li 2| 1764| 942] 1663 1111] 1546] 1269] 1414] 1414 
% 3| 2646] 1414] 2494 1667| 2319] 1903] 2121] 2121 
4] 3523 1885 3326 2222| 3092] 2538] 2828| 2828 
5| 4410! 2357] 4158 2778| 3565] 3172] 3535] 3535 
6] 5292| 2828| 4989 3334| 4638] 3806| 4242] 4242 
7] 6174| 3300| 5320 3890| 5411] 4440| 4949 494%] 
8] 7056| 3771] 6652 4445] 6184] 5075] 5656]. 5656 
9|7937| 4243] 7483 $5000| 6957]. 5710| 6364] 6364 
10] 8819] 4714] B315 55561_77301 6344] 7071] 7071 
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A larger Example may be that before ſet down in the laſt 
Problem of Sailing by a Great Circle, trom Szmmers Iſlands to the 
Lizard, Pag. 170. of The Doltrine of Triangles. 
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* 2 The Sea-man's Ptactics.  - 
| As admit 1 fail from thence; Firſt, NV E3 Point Eafterly 
£ ' 600 miles, then VE by E 300 miles; ENE half a Point 
; Northerly 495 miles; ENE 390 miles; ENE} Point Eaſterly 
264 miles; N by E 210 miles; Eaſt 951-miles. Theſe Courſes 
and Diſtances I ſet down-in-ſuch form as here.appeareth ,. where 
in the firſt Column there is expreſſed the Courſe or Point of 
the Compaſs upon. which a man fails; in the ſecorid Column, the 
Diſtance of the Rumb from the-Meridian; in the third Column, 
the Diſtance run upon that-Point; in the reſt, the Difference of 
Latitude, and Departure from the Meridian in-Miles , and tenth. 
parts of a Mile, 


| " Rumb Dift. - | | 
Courſe. [fromthe miles. North, | Sonth, | Eaſt. | Weſt.” 
NE*® | North hes » 
_ Po. E. [Eafterly.| 600 380.6 4638 
42: ' us © AN ESE? RY 
NE by | N Eaſt | 300 166-7] 2494 
E. 5 Point. EE, I En 
ENE !|N. Eaſt | 400 1885 3528, 
Po. N. |5+3Po. | go 4.24- 794 
. CE ER. ſy _, DE 44. CE i 
E N E\| N Eaſt | 300 1148 277-3 
OR oo | 34 {231 
ENE:| NEaſt| 200] 580, | 1914 
Po. E. [63 Point] 65 174, 574] 
COPE 4 © OUSK + __ i 
. [Eby N.|N Eaſt | 200 390 1962] 
7 Point. | 10 Ss TOE 79. a. 
REF of | | 9510 
Eaft., | Eaſe. 5O - | 
1 | 
64 ELD 3210 1047.4/ | 22197 


_ (In all whichit is conceived; that all-the Variations are allowed) 
{6-that at the Fogt.of this Reckoning, Lfind the Sum of the North 
Column - 
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Column to be 1047 7£ miles, and the Sum of the Eaſt Column 
2910 miles almoſt; the firſt, namely, 10.47 miles converted ints- 
deg. is 17 deg, 27 min. the difference of Latitude, which added ts 

| the Latitude of Summer Iſlands 32 deg. 25 min. (where this 
Reckoning began) the Sum is 49 deg. 52 min, which is the Latitude 
of this place where this Reckoning endeth. So that according to 
this Account, the Ship is run into the Latitude of 49 des. 52 min. 
and hath altered her Longitude to the Eaſtwards 2920 miles , of 
ſuch miles, whereof 60 make a degr. of a great Circle. 

Therefore if you ſet down this Reckoning on the Plain Chart, 
you muſt make a Point in the Chart that may be in the Latitude of 
a9 deg. 52 min. and to the Eaftiards of Summer Iſlands, (where 
this Reckoning began) 2920 miles, that is, you muſt run a Parallel 
(with your Compaſſes or otherwiſe) on your Chart in the Latitude 
of 49 deg. 52 min. and croſs the fame by a Meridian, which may 
be to the Eaſtwards of the Meridian of Summer Iſlands 2920 miles 
and fo the Point of the InterſeRion of this Parallel and Meridian, 
is the Traverſe-Point, or Point in the Chart repreſenting the place 
where the Ship is in the end of this Reckoning. 

But if you ſet down this Reckoning on Mercator's Chart,you muſt 
alſo. find a Point that may be in the Latitude of 49 deg. 52 min. 
and may likewiſe be to the Eaſtwards of Summer Thand, 2920 
miles, which is done by running with your Compaſſes a Parallel 
in the Latitude of 49 deg. 52 min. and croſſing the fame by a 
Meridian , which may be to the Eaſtwards of the Meridian of 
Summer Iſlands, 2920 miles, the Point of the InterſeQion of this 
Parallel with that Meridian, is the Traverle-Point, repreſenting in 
the Cart the place where the Ship is. 

For it is to he conceived in this Chars, that the degrees of the 
Meridian interceptel between the Lititule of two places, are as 
a Scale for thoſe two places, to meaſure not only their difference. 
of Latitule, but likewile their Diſtance 1n their Rumb, as alfo 
the Diſtance of their Meridians. 

But becauſe it often falls out, that in Sailing frem place to place, 
a Ship runs not near the Rumb of two places by many handred 
miles, eſpecially in Sailing by the Arch of a Great Circle, which 
is the moſt exquiſite manner ot 'Sziling, and wherein a man, ſhifts 
his Courſe often, and runs much tarther in one Latitude than 

| H 2 n 
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in another”, as by the former Example may appear. Therefore 
once in three or four days, or ſo often as you alter your Courle 
much, you may transfer or ſet down your Reckoning out of your 
Book into your Chart. As in transferring the former Example, 
you may ſet down the Northing and Eaſting of every of the 
Courſes ſeverally ; but for brevity fake we will bring them into 
three parts; and ſo alſo we ſhall not much erre. 

And thus for the two firſt Courles, namely, 1V. E.* Point 
Eafterly 600 miles, and JV. E. by E. 300 miles, I find in the 
| North Column 547 miles, and in the Eaſt Co- 
Nerth,| Eaſt. | lymn +513 miles; alſo for the three next Courſes, 
547] 71 z ſumming up the North and Eaſt Columns, I find 
459] 1050 the Northing to be 459 miles; and the Eafting 
41]. 1 157] 1050 miles. Allo for the two laſt Courſes, I 

1047] 2920) find tne Northing to be 41 miles, and the Eaſting 
pee ' 1157 miles. 

Now to transfer theſe into the Chart, I conſider that 547 miles 
9 deg. 7 min. which added to the former Latitude 32 deg. 25 min. 
makes Latitude 41 deg. 32 min. . In which Latitude I run a 
. Parallel ; then conſidering that 713 miles is 11 deg. 53 min. I 
take this 11 deg. 53 min. in the Meridian, as much aboye the 
one Latitude, as beneath the other, namely, from 3 1 deg. o min. 
to 42 dep. 53 min. and this I ſet in the foreſaid Parallel from 
the Mevidian of Summers Iſlands to the Eaftwards, and there 
make the Point B, then reducing 459 miles into degr. it makes 
7 deg. 39 min. which added to 41 deg. 32 min. makes Latitude 
49 deg. 11 min.  Alfo the Eaſting 1050 miles are 17 deg. 30min. 
the half whereof $ deg. 45 min. I take in the Meridian from 
above 41. deg. 32 min. beneath 49- deg. 11 min. namely, from 
41 deg. 20 min. to 5o deg. 5 min. And this being doubled ( be- 
cauſe it is but the half) I ſet from the Meridian of the Prick or 
Traverſe-point B before made, in the Parallel of 49 deg. 11 min. 
making there another prick D. Laſtly, I add the Northing 41 
miles to the former Latitude 49 deg. 11 min. the ſum is 49 deg. 
52 min. the Latitude of the' Parallel to which I am now come, 
wherein I am to ſet down the Eafting 1 157 miles. This therefore 
conyerted into degrees of-a great Circle, make 19 degr. 17 
min. I take therefore 1 deg, of the Meridian, about LEO 
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of 49 deg. 52 min. (hecauſe the moſt part is run in.that Latitude) 
namely, from 49 deg. ;o.min. to.godeg. 30.min..and ſet the ſame in 
the foret1id Parallel from the Meridian of the'prick-D laft before 
made to the-Eaſtwards 19 times ; and moreover 17min. take at the 
ſame Latitude, and this reacheth to the point E: And fo is all this 
Reckoning let down, and the like 1s.to be underſtogd of any other, 
- which though in expreſſion it require many words for plainneſs, yet 
is there very little diihiculty more in the Practice, than there is in 
ſetting down a Reckoning on the Plun Chart, 


— 


CHAP. IN. 


A LG ample Example, together with a larger Table ſor 
©, —rthe keeprno a Reckoning at Sea. 


| 
| ng thus (in a more general manner) ſhewed how to ſet 
own a Reckoning of the Ships way for every Point and 
half_Point of the_Compaſ, this to ſome men might ſeem 
| ſuſficient, But becauſe a Ship doth not always make her 
-way good-as ſhe lies, nor doth her Leeward-way always fall juſtly 
upon a {whole Point , or half-Point, or quarter : And moreover, 
con(idering that though a Ship ſteer away upon any Point: of the 
.. Compaſi,, yetther true-way; by rea{on-of the- Yariation of the 
Needle,may.ſwerve from that Point towards the one fide or towards 
the other 3'6xr-4-deg. or more or lels., and not always a Point, or 
half-Point, or quarter; therefore I have thought it requiſite to ſet 
down the-Table following to every ſingle degree, and that a man 
© might the more readily with one or two Entrances haye his defirc, 
I have alſo enlarge] thenumber of Miles unto 100. 'The Ground 
and way of making this Table, differs not from the-former , and it 
is to be uſed almoſt wipes If ſame NAOner 3 pyhereforc ive ſhall 
uſe the more brevity4n/ 3 ON, "Rl WE? 


upen that Negree; whieh tor brevity fake 
A 


Here followeth a Table of the NoJening or Southing, Eaſting 
or Weſting of every' Degree from the Meridian , according to 
.thenumber of Miles ff 
we call —----—- = 
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O.|'4 Deg, - ©. Des, if | Bþ 4 Dec 
bras | 157. _P | Tat DK 
t-]. 1-05-74 35 [349] 2.5! 69} 6884 4.8 
2'| 20 © 1] 36| 359 | 2:5 70} 69.8] 4.9 
314074 37] 36.9 | 2.6 71] 70.8] 40 

4| 40| 1.3 381 37.9 | 2:7 72| 71.8] $8. 
"23% - 2 008 391 33.9] 2.7 73%} 72:8 5.1, 
6| 60] .A4 401399 | 2.8 74} 73:8] y2 
| 7| 70] 5] [41]4ag] 29! | 75] 748] 5-2 
8| 8.0] .6 42|41.9]} 2.9 76] 758] 5.3 
91 601-4 431429] 3.0 77] 568] $5.4 
1010.0|__.7] |44|439| 3-1| | 78] 778155 
11|110| .Þd 45 | 44-9 | 3-1 79| 78.8 5:5 
12 | 12.0 .8 46 | 45-9 | 3-2 80| 79.81 56 
13 | 13.0 9 47 |469| 3:3 381] 80:8 5.7 
14 | 14.0| 1.0 ; 81.8 $7 
15 | 15.0] 1.0 5.8 
16 | 16.0] 1.1 5.9 
17 |17.0] 1:2 5-9 
18 | 18.0] 1.3 6.0 
19 | 19.0 | 1.3 6.1 
20 | 20.0 | 1.4 6:1 
21 | 20.9] 1:5 6.3 
22 [21.9] 1.5 6.3 
23 [22.9] 1.6 6.4. 
24 | 23.9] 1:7 6.5 
25 [249] 1.7 6.5 
26 | 259] 1.8 6.6 
27 | 269] 1.9 6.6 
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&| 5 Deg. | © | +5 Des. © 
B = [2 | | Bains | 
| x1} 10] 1] |35|349| 30 69 | "68:7| "50 
2] 20-1: 2 36 | 35-9 | 34 70 | 69.7] 6. 
3] 30] 73 37 | 369] 3.2 71| 70.7 | 6.2 
4] 40] .3 38 | 37.9] 3.3 72| 71.7| 6.3 
|] F-© 4 39 | 38. 3.4 73 | 72.7 6.4 
6].60] .5 49] 39.8] 3.5 74 | 73-7] 6.5 
[7] 70] 6] [411408] 36 75| 747| 6.5 
8] 80| .7| [42]418]| 3.7 76] 75-7] 6.6 
9| 9.0 .8 43 | 42.8 3.7 74.1 963 6.7 
101 2001_9] |[4]4323] 38] |_75] 777|_68 
11] 11.0] 1.0]. |45|443| 35 79 | 78.7 | 69 
12] 12.0 | 1.0 46 | 45-3] 4.0 80 | 79.7 | 7.0 
13] 13.6] 1.1] [47] 468| 71 81 | 80.7] ».1 
14 | > © 48 47.8 | 82 81.7 : 
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8 Deg. 
Lat: | Dep. 
1.0 1 
2.0 +3 
$07 4 
4..0 M's) 
50] +7 
5.9 8 
6.9| 1.0 
Ia71:1 
8.9 | 1.3 
9.9 | _1:4 
10.9 I.5 
II.9} 1.7 
12.9 1.3 
13.9 | 1.9 
14.8 | 2.1 
i5.8] 2:2 
; 16.8] [2.4 
17.8 | 2.5 
18.8] 2.6 
19.8 | 2.8 
20.8 
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_LJat.. | Dep- 
68.3 9.6 
69+3 947 
70.3 9-9 

71.3 | 100 
7243 I 0.2 

. 73+3 IO.3 
74-3 | 10.4 
7 F+3t 106 
70.3 10.7 
THE-S |: 5x8 

- 78.2 | [11.0 
79.2 I 1.1 
80.2 | 11.3 
81.2 | 1144 
82.2 Ils 

> 83.2'|- 117 

84-2 11.8 
85.2 | :12'0 
86.2 | . 12:1 
87.2 | 12.2 
88.1.] 124 
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683.2 1043 
69.1 | 10:9 
70.1 || 11.1 
71.1] 11.2 
72.1] 11.4 
73.1] 11.6 
74.1] 11.7 
75-1] 11.9 
76.1] 12,0 
77.9 | _12-2 
78.0] 12.4 
79.0] 12.5 
80.0 I2.7 
81.0] 12.8 
82.0 13.0 
83.0 I 3.1 
g4.0| 13.3] | 
35.0] 13.4 
85.9] 13.6 
86.9 _13 Y 
67-9] 13 
83.9 _= 
89.9 I4.2 
90.9 | 14.4 
p1.9| 14.5 
92.9| 14.7 
93.8] 14.8 
94.8 I5F.O 
95-3| 15.2 
96.8 15.3 
97.8; 15.5 
98:8 17s 
197-5 | 31.3 
296.3! 46.9 
Dep. | Tat. 
81 Dep. 
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67 
© | 10 -Deg. © | '10 Deg. ©; 10 Deg. \ 
| Lat. | Dep. S | ar Dep. | | _®| Tat. | Þep-| 
+ 7-1 at” 35 | 34-5 | 6.1 69 | 65.0 | 12.0 
Þ 2.0 3 36 35.5 6.2 70, 68.9 | & Fy 
31 3:6 5 37 | 36.5 | 6.4 71 *9-9| 12.3 
T3 3-6 7 33 | 37.4 | 6.6 2 |. 70.9] I2.5 
FI 49[ 0 39 | 338.4 | 6.8 73 1-71.91. 125 
01 59] 1.0 40 | 39.4; 6.9 74 | 72:9. 12.8 
TT G0 11.3 41 | 40.4 j 7.1 75 | 73.9] 13.0 
8| 79] 1.4 2 | 41.4 | 7:3 76 | 749] 13.2 
9] 89 1.6| [43 |42.4| 7:5 77] 753] 13:3 
1] 99} 17] [44{43:3} 76] |_2|_763\ 13.5 
11} 10.8] 1,9 45 | 44.3 | 7.8 79 | 77-8 I3.7 
12 | 11.8] 2.1 46 | 45.3 | 8.0 80| 78.8] 13.9: 
13] 12.8] 2.3 47 | 46.3 | 8.1 381] 79.8] 14.1 
14| 13.8] 2.4 45 | 47.3 | 8.3 32| $0.8 | [14/2 
I5| 14.8] 2.6 49 | 45.3 8.5 83] 81.7 14.4 
16 | 15.8 2.8 50 [49.2 |} 87 84 $2.7 14.6 
17 116.8] 3.0 Fl , Fo.2| 8.8 35 | 83.7| 14.8 
18 I7.7] 3.1 2 | FI.2 | 9.0 36 84.7 14.Q; 
19} 18.7] 3.3 F3 | F2-2 | 9.2 37 85.7 IF.1 
20|19.7]_3-5] [$4] 532| 94] | 33] 867] 15:3 
21|20.7| 3.6 55 | 54-2 | 9.5 39 | g7-6| 15.4 
22|21.7] 3.8 56 | 55-2 | 9.7 go | 83.6 | 15.6 
23 |[22.7! 4.0 57 | 56.1 | 99 91| 89.6| 15.8 
24 | 23.6! 4.2 58 | 57.1 | 10.1 92 | 90.6| 16.0 
25 |24.6| 4-3 59 | 58.1 | 10.2 93| 91.6'! 16.1! 
26 | 25.6| 4.5 60 | 59.1 | 10.4. 94 | 92.6 16.3 
27 | 26.6 | 4.7 61 | 609.1 | 10.6 95 | 93-6, 16.5 
28|27.61| 4.9 62 | 61.1 | 10.8 96 | 94.6 16.7 
29 | 28.6 | FO 63 | 62.0 | 10.9 7] 95.5; 16.8 
30 | 29.6| 5.2 64 | 63.0 | 11.1 98] 96.5 17.0 
31] 30.5/ 54| |65|640[11.3 99 | 97-5 17-2 
32 |31.5i 5.5 66 | 65.0 | 11.5 100} g8.5' . 17.4 
33 | 32.5 |- 453 67 | 66.0 | 11.6 200] 197.0 34.7 
34 | 33-5] 5-9 63 | 67.0 | 11.5 300 | 205.4 52.1 
© | Dep. | Lat. © | Dep. -! Lar.  B1-Dep. "Lat. 
® | 80 Der = | 8 Deg. - 8 Deg. ” 
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70 The Sea-man's P:actice, 
S| 13 Dee. - 1 ET Deg. & 13 Deg, 
| Txt | Des. |5| Tb z | i. | Dep. 
2 a5 oo oe 35 | 34-1] 7-9 9] 67.-2| 15:5 
2]. 20 | 4 36 | 35-1] 8.1 70 | 68.2| 15.7 
3]. 2.0]. +. 37 | 36.1 | 8:3 TI | 69.2| 16.0 
6] 34 |. 4 38 | 37.0] 8.6 72 | 170.2| 16.2 
6 4-9 |. 1.1 39 |38.0| 8.8 73 | 71.1 | 16.4 
6 | F-9.| 1.3 40 | 39.0 | 9.0 14 | 72.1 | 16.6 
7] 6.3] 1.6 41 | 409.0 | 9.2 T5 | 73-1 | 16.9 
8] -7.8.| 1.8 42 | 40.9 | 9.4 76 | 54.1] 17.1 
9}. 8.8 | 2.0 43 | 41.9 | 9:7 FFT 38041: 093 
10 9.3 | 2.2 44 | 42.9 | 9:9 75S 76.0 | 17.5 
11] 10.7 | 2.5 45 | 43.8 | 10.1 79 | 77.0] 17.8 
121 1137 | 2.7 46 | 44.8 | 10.3 50 73.9 | 18.0 
13] 12.7 | 2.9 47 | 45.3 | 19.6 S1 738.9 | 18.2 
I4| 13.6 | 3.1 43 | 46.3 | 10.8 $2 79.9 | 18.4 
15] 14-6 | 3-4 49 | 47.7 | 11.0 33 | $0.9 18.7 
16] 15.6 | 3.6 FO | 43.7 | 11.2 34 | $1.8 13.9 
17] 16.6 |, 3.5 Fl | 49.7 | 11.5 85 | 82.3] 19.1 
181 17.6, | 4.9 2 | 50.7 | 11.7 36 | $3.8] 19.3 
19| 18.5 | 4.3 53 | 51.6 | 11.9 37 | 848] 19.6 
20] 19.5 | 4-5 54+ | 52.6 | 12.1 _B$ _85.7] 19.8 
21|2a5| 4.7 55 | 53-6 | 12.4 39 | 86.7] 20.0 
22] 21.5 | 4.9 56 | 54-6 | 12.6 909 | 87.7] 20.2 
23| 22:4 | 5.2 57 | 55-5 | 12.5 gl | 83.7] 20.5 
24| 23-4] 5-4j [53 | 56.5] 13-0} | 97 F 39.6] 20.7 
25 2 4-.4- 5.6 J9 | 57-5 | 13-3 93 90.6 20.9 
26| 25-4] 5.3 60 | 58.5 | 13-5 9+ |- 01.6] 21,1 
27 | 26.3 | 6.1 G1 | 59.4 | 13:7 95 | 92.6| 21.4 
28] 27.3] 6.3 2 | 60.4 | 14.0 96 | 93.5 | 21.6| 
29|28.3 | 6.5 63 | 61.4 | 14.2 97 | 945] 21.8 
30] 29:2 | 6.7| |64|62.4] 144| | 2 | 95.5] 22.1 
31| 30.2 | 7.0 65 | 63.4 | 14-6 99 | 96.5] 22:3 
32|31.2| 9.2] |66|643]148| [199| 97.4] 22:5 
33] 7-4 | | 67 |653| 15-1] |*22 | 194.9 | 45:9 
+34 7.6 68 | 66.3 | 15.3 300 1:292.3 | 67.5 
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The Sea-man's Pyactice. 


I5 Dez: H--h 
Lat. | Dep. | | _Z 
33.0 69 
34.8 ; 70 
35+7 

36.7 
377 
28.6 
39-6 
40.0 
| 41:5 
42-5 


© COW Ku] 


The Sea-man's Pxactice, 


16 Deg. &© | 16 Dee: ®, 

P = P | Tak | |S _Lat. | Dep- 
I | 1.0 A 35 | 33-6 | 9-7 69] 66.3] 19-0 
2| 19] 46 36 | 34.6 | 99 70| 67.3 | 19-3 
+4 40+: 3 37 | 35-6. | 10-2 71] 68.2 | 19.6 
$1 3.8] 3-1 38 | 36.5 | 10.5 72| 69.2| 19.9 

5] 49S] 1.4 39 | 37-5 | 10-7 73| 70.2| 20.1 
6| 58] 1:7 40 | 33.4 | 11.0. 74| 71.1] 20.4 
T7| 6.7] 1.9] 41 | 39.4 | 11:3 75| 72.1| 20.7 
81] 7.7] 2:2 42 | 40.4 | 11:6 76| 73.1] 21.0 
9 8.6 2.5 43 | 41-3 | 11-9 77 74.0 | 21.3 

10| 9.6| 23] |44|42:3| 121 |_72] 752| 205 

11 | 10.6 | 3-0 45 | 43-2 | 12:4 | 79] 75-9| 21.8 

12 | 11.5] 3-3] | 46 | 44-2 | 12-7 80] 56.9 | 22.0 

13 | 12.5 | 3-6 47 | 45-2 | 13.0 81] 77.9| 22:3 

A4 | 13.4 3-9 | 48 | 46.1 | 13-2 32| 78.8] 22.6 

15 | 14-4 4-1 49 | 47-1 | 13-5 $3] 79.8| 22.9 

16 | 15.4 | 44| | $2 | 48-1 13.6 84 | 80.7 | 23-2 

17 | 16.3] 4-7 Fl | 49.0 | 14-1 85] $1.7] 23:5} 

13 | 17.3] 5-0 52 | 50.0 | 14-3 86 | 82.7] 23.7 

19 | 18.3] 5-3 53 | 50.9 | 14.6 87 | 83.6| 24.0 

20 | 19.2| 5-5] |54|51:9|149| |_38|_B46| 243 

21 | 20.2] 58] |55| 52-9 | 15} 89 | 85.6] 245 k 

22. |21.1] 6.1] |56| 53-8] 15-4 go | 86.5 | 24. 

23 | 22.2 | 6.3 57 | 54-3 | 15-7 g1| 87.5| 25-1 

24 | 23-1 6.6 58 55-7 16.0 92 88.4 | 25.4 

25 | 24.0| 6.9 59 | 56.7 | 16-3 93 | 89.4] 25-7 

26 | 25.0 | 7-2 60 | 57-7 | 16.5 94 | 90.4| 25-9 

27 | 25.9] 7:5 61 | 5$.6 | 16.8 95 | 91.3] 26.2 

28 [ 269 | 7-7 62 | 59.6 | 17-1 96 | 92.3] 26.5 

29 |27.9| 5.0 63 | 60.6 | 17-4 97] 93.2] 26.7 

30 | 288| 8.3] |64|61.5 |[177| |_93| 942] 279 

31 | 29.8 8-5 65 | 62.5 | 17-9 99 | 95-4| 27-3 

z2 | 30.8] V. 66 | 63.4 | 18.2 } | 100 | 96.1]. 27'6 

33 | 31.7 | 9.1 67 | 64-4 | 18.5 200 | 192.3 5.1 

34 | 32.-7| _9:4| | 68|65.4 | 18.8| *| 300 | 288.4) 32.7] 

© | Dep. | Lat: NEED & | Dep. | Lat. [| 

> | 74 Dee | P | 74 Deg- | 74 Deg- | 


The" Sea-man's Practice. 


&©.] 17 Dep. © | - 17 Deg. } 17 Deg. - 
P | Tat. [Dep. | | ® T7 Be. | 5 | be 
1&4 of: 4 35 | 33.5 | 10-2 | 69 | 66.0 | 20.2 
4} 161-4 36 | 34.4 | 10.5 | 70| 66.9 | 20.5 
3] 2.9 9 37 | 35.4 | 40.8 71] 67.9| 20.7 
OG LF. 28 | 36.3 | 141.1 2| 68.8] 21.0 
5| 485] 1.5 39 | 37-3 | 11.4 73| 69.8 | 21.3 
»6| 5-7] 1.7] [49| 33-3 | 11:7 74| 70.8] 21.6 
*©1 6:7 1-2-0 41 | 39.2 | 12.0 75] 71.7] 21.9 
.S | 7.6] 2.3 2 | 40.2 | 12.3 61 72.7 | 22:2 
9:j 8.6] 2.6 43 | 41.1] 12.6 7 73.6 | 22.5] 
110] 9.6] 2.9 44 | 42-1 | 12.9 78 | 74.6 22.8] 
11 | 10.5 | 3.2 45 | 43-0 | 13.1 79 | - 75-5 23.1] 
k&kETLS [3:3 46 | 44-0 | 13.4 ' 80] &5| 23-4] 
13 | 12.4 | 3.8 47 | 44-9 | 13.7 81] 77.5| 2347] 
14 | 13.4 | 4.1 | [48|459| 14.0 382| 78.4 | 240; 
15-| 14-31 44. | 49 | 469 | 14-3 83 | 79-4 | 24:3] 
f6 | 15.3 | 4.7 5O | 47-9 | 1466 | 84 |. 80.3 | 24.6] 
179] 16.2 | 5.0 51 | 48.3 | 14.9 | $85 | 81.3 24D | 
rs 1 19:2:] F-2 52 | 49-7 | 15-2 | 86 | 82.2 | 25-1! 
[19 18.2| 5.5 53 | 50.7 | 15-5 87; 83.2] 25-4} 
20 [19.1] JB] |54|516 1253) | B81 342] 257 
23 | 20.1| -6.1 55 52.6 | 16.1 89 | 85.1| 26:0; 
22 |21.0] 6.4 56 | 53+5 | 16.4 go | $6.1] 26.3] 
23 | 22.0] 6.7 57 | 54-5 | 16.7 91] $7.0] 26.6 
24 | 23.0| -7.0 58 | 55-4 | 17-0 92 | 88.0 26.9 
25 [23-9 | 7.3 59 | 56-4 | 17.2 93 | 88.9] 27.2; 
26 |249| 7.6] | 60|57:4| 17-5 94 | 3%9.9| 27-5, 
27 |25.81] 7.9 61| 58.3 | 17.8 95 | 90.8'| 27.8] 
28 126.8 | 8.2 62 | 59-3 | 18.3 | 96 | 91.3] 28.1] 
29 IT | 8.5 63 | 60.2 | 18.4 | 97 2.7| 28.4| 
30 j 28.7 | 8.8 64. | 61:2 15.7 | 99 | 93.7 2971 
311296! g9.1] |6;5|62.2|190| | 99|.947| 289} 
Z2 | 30.6 | 9.3 66 | 63.1 | 19.3 100 | 95.6| 29.2 
33 | 31H! 9.6 67 . : . 58.5 
34 | 32:5 | -9.9] j 68 77 
© | Dep. Lat. 'S © Lat. 
> -3 Dee. | | 5 


Wn Sea-man's « Pram 


© © aa +,w » «YA 
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18 Deg. & | 18 Dex. a3 Deg. © 
fi | |S |15716.| | [2m 5 i 
1.0} 4 35 | 33-3 | 10.8 694 65.6| 21.3 
19] .6 36 | 34-2 | 11.1 70] 66.6| 21.6 
2.8] 9 37 | 35-2 | 11.4 71] 67.5] 21.9 
3.8| 1.2 38 | 36:1 | 11.7 724 68.5 | 22.2 
4-7 | 1.5 39 | 37-1 | 12.0 73 | 69.4 | 22.5 
5-7 | 1.8 40 | 33.0 | 12.4 74] 70.4] 22.9 
6.6| 2.2 41 | 39-0 | 12.7 75] 71-3] 23-2 
7.6] 2.5 42 | 39.8 | \13.0 76] 72.3| 23- 
8.5 | 2.8 43 | 40.8 | 13.3 77] 73-2] 23.5 
9-5 | _3:-1] |44| 41:7 | 13:6 78| 74:2 | 24-1 
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The Sea: man's JPzAQice, 
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20 Deg. © | 20 Dex. «l-1F: "Rv 
| Tat. | Dep. | | | Lat: | Dep. |S | Is Dep- 
I 7” 4 35 | 32-9 | 12.9 69 | 64.8 | 23-6 
[23 1 7 36 | 33.8] 12.3 70 | 65-8} 23-9 
3| 2,3] 1.0] |37] 34-8] 12.6 71-| 66.7 | 24-3 
4] 3.8} 1.4 38 | 35.7] 13:0 72 | 67.7 | . 24-6 
2373 47-7 397 39 | 36.6| 13.3 7z | 68.6| 250 
| 6] 5.6] 2.0] [40|37-6|13.7 74 | 69-5 | 25:3 
7| 6.6| 2.4] |41|38-5] 14.0 75 | 715 | 256 
8 7.5 2.7 42 | 39-J| 14-4 76 71.4 26.0 
9| 8.5] 3-1 43 | 40-4] 14.7 77 | 72.4 | 26.3: 
10] _94|_3:4] [44|41:3| 150] | 78 1_73:3 |_267 
[11 [10.3] 3-5] [45|42-3] 15-4 79 |. 97442 | 27-0 
[12 | 11.3 | 441 46 | 43-2] 15.7 80 | 75-2 | 27-4 
13 | 12.2 | 4-4 47 | 44-2 | 16.1 $1 | 76.1| 27-7 
14 | i3.2| 4.8] |48| 45-1] 164| |. 82} 97-1} 25.0 
[15| 14.1] 5-1] | 49 | 46-0] 16:8 $3 | 780 | 28.4 
16| 15.0] 5.5] |50|[47.0]| 17.1] | 84| 789}. 28-7 
"17| 16.0| 5-8 51 | 47-9 | 17-4 85 | 80,0 | 29-1 
| 18 16.9 | 6-1 2 | 48.9 17.8 \ 86 | $0.3 | 29-4 
19| 17.9 | 6:5 53 | 49-8 | 18.1 87 | $1.8} 298 
20 [18.8] 6.3] | 54 | 52.7 | 13.5] | 88 | 82.7 | 301 
21.| 19.7] 72 55 | 51-7 | 18.8] | 8g | 83.6} 304 
22 | 20.71 7:5 56 | 52.6| 19.1] | go} $46| 303! 
23|21.6| 7.9 | 57 | 53-6 | 19.5 g1 | 85.5| 31-1; 
24 | 22.6 | 8.2 58 | 54-5 | 19.8 92 | 86.4 | 31-5 
|25| 23.5 | 85] [59 | 55-4 |20-2] | 93 | 87.4| 31.8]. 
26 | 24.4 | 89] | 60 | 56.4 | 20.5 94 88.3 | 32-1 
27 | 25.4 | 9-2 61 | 57.3 | 20.9 95 89.3 32.5 : 
28 | 26.3 | 9.6 62 58.3 | 21.2 96 | 90.2 | 3248 
29 | 27.2 j 10.0 63 | 59.2 | 21.5 97] 91.2 | 33-2 
30 | 28:2 | 19-3] |64|60.1| 219] | 9B] 92-1| 33:5 
31 | 29.1 10.6 65 G1.1 | 22,2 99 | 93.0 | 33-e-}: 
+32 | 30.1 10.9 66 | 62.0 | 22.6 1001: 940] 34-2 
33 | 31.0 | I 1.3 | 67 63.0 22.9 200 487.9 68.4 
34 | 31:9 | 11.6] |63|639| 23-3] * | 300 | 281.9 | 102.6 
© | Dep- | Lat. © , Dep. | Lat. "O | Dep. Lat. 
\S| 70 Deg. P| 70 'S1 © 
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32.7 
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34-5 
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The Sca-man's PzaRtice. 
HECZINE 
69 
70 


© 02 a+ ww» = [ya 


"The 'Sea-man's Ptactice. 


a Lat. | Dep. 
2-4 FL 
2 io '$ 
3] 2.8] 1.2 
4] 3-7] 1.6 

- 5 4.6 T.9 
67 5-81 2.3 
7] 6-44 2.7 
8| 74] 3.1 
9 8.3 3.5 

201-21 IP 
11 | IO.1] 4.3 
121} 11.0 4-47 
13j 12.0] FI 
I 4 12% F+5 
154 13- 5.9 
161] 14.7] 6.2 

17] 15.6] 6.6 
184 16.0] 7.0 

19] 17-5} 7-4 

20f 18.4} 7.8 


© © In 
© O & 


9. 


s | 
_® | Tat. | Dep. 
69 |. 63.5 | 26,9 
70 | 64.4 | 27.3 
7I | 65.3 | 277 
72 | 66.3] 28.1 
73 | 67.2 | 28.5 
74 | .68.1| 28.9 
75 | 69.0] 29.3 
'76 |- 69.9 | 29.7 
77 |: 70.9 | 30.1 
T2422} 98 
79 | 72.7 | 308 
80 | 73.6| 31.2 
381 | 74.6| 31.6 
$82 | 75.5 | 32.0 
83 | 76.4 | 32.4 
384 | 77.3 | 32.8 
85 | 78.2] 33.2 
36 | 79.2] 33.6 
87 | 80.1 34.0 
383 | $10] 34.4 


The Sea-man's Pzagtice. 


& | 24 Deg. © | 24 Deg. | ©| 24 Deg. 
5| Me | S | Tir} Ber _£© | Lat. Dep. 
| 9 <4 35 <A I 4.2 69 | 63.0 28.1 
2] 18] 8 36 | 32.9 | 14.6 70| 63.9 28.5 
3] 27] 1.2 37 | 33.8] 15.1 71 | 64.3 28.9 
4] 3-6] 1.6] |33 | 34.7] 15-5 72| 65.8 29.3 
F] 4-6] 2.0 39 | 35-6 15-9 73 | 66.7 29.7 
6 5-5] 2.4 | | 40 | 36.5| 16.3 74 | 67.6 30.1 
7] 6.4] 2.8]. | 41 | 37.4} 16.7 75| 68.5 30.5 
8] 7.3] 3.2 42 | 38.4 | 17.1 76 | 69.4 30.9 
9] 8.2] 3.7 43 | 39.3-] 17.5 77] 70.3 | 31.3 
2]. 21]_+1 ++ | 49:2] 17:9 DALEY home BE 2. 
II | 10.0| 4.5 45 | 41.1] 18.3 79| 72-1; 32.1 
12| 10.9] 4.9 46 | 42.0| 18.7 80| 73-1| 32.5 
13] 11.9] 5.3 | |47 | 42.9] 19.1 81] 749| 32.9 
14| 12.8| 5.7 43 | 43.3 | 19.5 82| 749 | 33.3 
i5| 13.7] 61] [49! 448] 19.9 83] 753| 33.7 
16| 146] 6.5 50 | 45.7 | 20 3 84] 76-7 | 341 
17| 155] 69] |51, 46.6 | 20.7 | 770 | 345, 
18 | 16.4 | 7.3] | 52] 475 | 21-1 86| 75.5 |. 349 
9] 17.3] 7.7 | |53|48.4| 21.6 87] 795 | 35-3 
20] 18.3] 8.1 54 | 49-3 | 22.0 _83 | 80.4 | 35,7 
21-] 19.2 | 8.5. F5 | 50.2 | £24 389 31.3 36:2 
| 22 | 20:1] 9.0 56-| 51.1 | 22.8 go | 32.2| 36.6 
23|21.0! 9.4 F7 | 52-1 | 23-2 91 | 33.1] 37.0 
24 |21.9! 9.8 58| 53.0 | 23.6 g92| 34.0| 39.4 
25 | 22.8 | 10.2 59 | 53-9 | 24.0 93] 349| 37.8 
26 | 23.7 | 10.6 60 | 54.8 | 24.4 94 85.8 | 38.2 
27 | 24.6 | 11.0 61 | 55.7 | 24.8 95 | 863 | 38.6 
28 11.3 ' R 7. 
29 
30 


—_— — 


The Sea-man's (Pzactice 


$2 
S| 25 Deg. | | © | 25 Deg. | 
£2 | Lat. | Dep. | '| 2 | Lat. | Dep: 
E | 9 4 35 | 31.7 14.8 
2] 18] $8 36 | 32.6] 15.2 | 
$j- 2454-13 37 | 33-5 | 15-6 
4| 3.6| 17] |33 | 34-4 | 16.1 
S| 45] 2.1] |39 | 35-3| 16-5 
6 54 | 2.5 40 | 36.2 | 16.9 
1:7] -:643 |-:3.0 41 | 37.2| 17-3 | 
1 8] 7.2] 3.4 42 | 38.1] 17.3 
9| 8.1|-38] [43 | 39.0 | 18.2 
49] 9.1] 42] |44|39.9 | 18.6 
11] 10.0] 47 45 | 40.3 | 19.0 
121109] 5.1 46 | 41.7 | 19.5 
13| 11.8] 5.5 47 | 42.6 | 19.9 
1.14 | 12.7] 5.9 43 | 43.5 | 20.3 
I5| 13.6| 6.3 49 | 44-4 | 20.7 
16| 145] 6.8 FO | 45-3 | 21-1 
17 | 15.4 | 7.2 Fl : 46.2 | 21.6 
18 | 16.3| 7.6 52 | 47.1 | 22.0 
{19| 17.2] 8.0 53 | 48.0 | 22.4 
201 18.1] 84] [$4] 459 | 222 
[21] 19.0] 8g 55 | 49:8 | 33-2 
1422] 19.9| 9.3 56 | 50.7 | 23-7 
123 |20.8| 9.7 57 | 51.6 | 24.1 
24 | 21.8 | 10.1 58 | 52.6 | 24-5 
25 | 22.7 | 10.6 59 | 53-5 !25-0 . . 
26 | 23.61 11.0 60 | 54.4 ' 25-4 94 | 85-2: . 39.7 
27 | 24.5 | 11.4 61 | 55-3 25.8 95 | 86.1; 40.1 
28 | 25.4 | 11.8 62 | 56.2 | 26.2 96| 87.0 42.6 
29 | 26.3 | 12.3 63 | 57.1 - 26-7 97| 37-9 41.0 
30 | 27-2 | 12.7 | 64 58.0 27-1 95 _ 88.8 _ 41. 
31]28.1| 13.1 63 | 58.9 27:5 99 | 89,7 44.8 
32 | 29.0; 13.5 66 | 59.3 27.9 ioo| g0.6 42.3 
33 129.9! 14.0 67 | 60.7 28.3 200 | 181.3 B84. 
34 þ30.8| 14.4 | [63] 61.6 28.8] | 300] 271.9 :126. 
© | Dep. | Lat. © | Dep. Lat. DO | Dep. | lat. 
| > | 65 Dee. = | 65 Deg. >| 65 Deg. 
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26 Deg. 


Lat.. 


— 


Dep. 
4 

9 
1.3 
1.8 
2.2 
2.6 
3.1 
3-5 
3-9 
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The Sca-man's Pactice, 


YM ___ T_T LCL. p FR 
$I $a blow GON GEES» -l00 ww own + w » - | Wd 


5 WW w 
þÞ vw ÞD 


T 


Q 


Y! 


> FB 


-| Dep. 


27 Deg. 
Lat.'] Yep: 
Aft - -4 
1.8 5 
2.7 |. 1.4 
3.6| 1.8 
4-5 | 243 
5-3 | -2.7 
6.2] 3.2 
7.T]| 3.0 
8.0] 4.1 
21:8 
9.8| 5.0 
IO.7{ 5.4 
11.6] 5.9 
I2.5]| 6.3 
13.4| 6.8 
14.3-| 7:2 
19.14 77 
16.0] 8.2 
16.9] 8.6 
17.8] 9.1 
18.7] 9.5 
19.6 | 10.0 
20.5 | 10.4 
21.4 | 10.9 
22.31 11.3 
| 23,2 | 11.8 
24.1 12.2 
24.9 | 12.7 
25.3 | 13.2 
26.7 | 13.6 
27.6 | I4.1 
28.5 14.5 
29.4 | 15.0 
30.3 | 15-4 
Dep. | Lat. 
63 Deep. 


27 Deg. 


31.2. 
32.1 
33.0 


3 3-0 
34+7 
35-6 


Dep. - 
15.9 
16.3 
16.3 
17.2 
I 7-7 
18.2 


| 18.6 
19.1 


19.5 


| 20.0 


20.4 


| 20.9 


22:3 
21.8 
243. 
22.7 
23.2 
23.6 
24.1 
24-5 


25.0 
| 25-4 


25-9 
26.3 
26.8 
27.2 
27.7 


28.2 


28.6 
29.1 
29.5 
30.0 
30.4 
30.9 
Lat. 


63 Deg. _ 
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-The Sea-man's Pgactice, 


\O 00 Anh w » - ['Y' 


31 Deg. | 
Lat. Dep» 
9 5 
1.7] 1.0 
2.6] 1.5 
= WS 
4-3 | 2:6 
F-I| 3.1 
6.0] 3.6 
6.9] 4.1 
7-7| 4-6 
8.6] F.1 
9.4] $57 
10.3] 0.2 
11.1} 6.7 
12.0]. 7.2 
12.0] 7.7 
13.7] 8.2 
14.6] 8.8 
159.4]. 943 
16.3] 9.8 
17-1] 19:3 


= o| 
wo 
w OO 


11.8 


31 Deg. 


Lat, 


| —_—— 


30.0 
30.9 
31.7 
32.6 
33-4 
34-3 
35-1 
36.0 
36.9 
37-7 
38.6 
39-4 
40.3 
41.1 


Dep. 
18.0 


13.5 


31 Deg. 
Lat. | Dep. 
F9-T | 35:5 
60.0 | 36.0 
60.9 | 36.6 
61.7} 37-1 
62.6 | 37.6 
63.4 | 38.1 
64.3 | 38.6 
65.1 | 39.1 
66.0 | 39.7 
_ 66.9 | 40.2 
67.7 | 40-7 
68.6 | 41.2 
69.4 | 41.7 
70.3 42.2 
71.1 4.2.7 
72.0 43+3, 
72.9 4.3.8 
T3-7 | 443 
74.6 | 44-3 
Ty:+ | 453 


'The Sea-man's Pzatice,- 


© | 32 Deg. & | 32. Dex. (®/ 2 Deg. 
|| |5| mb | 5 [Ti be. 
I 8 5 35 | 29.7 | 15.5 69 | 58.5 | 36.6 
21-151: -Jel 36 | 30.5 | 19.1 TO | 59-4 | 37-1 
3] 2,5þ:1.6 37 | 31-4] 19.6 ' 71 | 60.2 | 37-6 
47. 34 | 21 38 | 32.2 | 20.1| 72 | 61.0 | 38.1 
6 | 4-2 | . 2.6 39 | 33.1| 20.7 | 73 | 61.9 | 38.7 
O| F.1| 3-2 40 | 33.9 | 21.2 ; 74 2.7 | 39.2 
7| 59] 3-7] |[41]349|21.7 75 | 63.6 | 3997 
8| 6.3] 4.2 42 | 35-6| 22.3 76 | 644 | 40.3 
9| 7.6] 48 43 | 36.5| 22.8 77 | 65.3 | 40.9 
10] _8.5]_53] [44|.37:3] 233, | 78] 661 41:3 
11] 9.3] 5-5 45 | 38.2] 23.8 | 79 | 67-0 | 41-9 
12 | 10.2 | 6.4 46 | 39-0 | 24.4 80 | 67.8 | 42.4 
13| 11.0] 6.9 47 | 39.8] 24.9 | 31 | 68.7 | 43-9 
14|11.9| 7-4] |45| 40-7 | 25-4 82 | 69-5 | 43-4 
I5 | 12.7| 7-9] |49|41-5| 26.0 33 | 70.3 | 44.0 
13.6 . . . R b 


PT. 

' *. fo 
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The Sea-man's Pzactice, 


10 Deg. © | 33 Deg. & AS 
SE beg= S | Dep. |S Tat. | Dep. 
1] 8] .5| |35|294 | 191 69 | 57.9] 37-6 
2] 1,77 1-1 36 | 30.2 | 19.6 79 | 58.7 38.1 
13] 2.0 1-16 37 | 31.1 | 20.2 71 | 596 | 38.6 
4 | 3.4 | 22 38 | 31.9 | 20.7 72 | 6044-1 39-2 
F | 4-2| 247 39 | 32.7 | 21.2 73 G12 39.7 
16] 50| 3-3 40 | 33.5 | 21.8 74 | 62.1 | 40.3 
| 7] 59] 3.5 41 | 34.4 | 22.3 75 | 62.9 | 40.8 
B| 6.7] 44] |42|35-2 | 22.9 76 | 63-7 | 414 
19] 7.6] +9|- [43 | 36-1| 23.4 77 | 64.6 | 41-9 
[20] 84]_54| |44|369|249} | 78] 654| 425 
| 9.2 | 6. ; 
| 10.1 


|S | _34 Deg © | _34 Deg. & | __34 Deg.__ 
S | (Dep: | Late | Dep. |_Z 2.1.25 
1-1] 8] 6| [35|29.0] 19.6 69 | 57-2 | 38.6 
I 21 17-11 36 | 29.8 | 20.1 70] 58.0| 39.1 
3| 2.5| 2-7] |37] 30-7 | 20.7 71 | 588 | 39.7 
4 | 33 | 2.2 38 | 31.5 | 21.2 72 |, 59.7 | 40.3 
5 | 4.1] 2.8 39 | 32.3 | 21.8 73 | 60.5 | 40 
6| 5.0| 3.4] [40] 33.2 | 22.4 | 74 | 61.3 41-4 | 
7] 5.8| 349 41 | 34.0 | 22.9 75 | 622| 419] 
8] 66| 4.5 42 | 34.8 | 23-5 76 | 630| 42.5, 
9| 7.5] 5-0] [43| 35-6] 24.0 77 | 63.8 | 43.1 
10] 8.3] 5.6] [4436.5] 246 | 75] _647| 436 
9.1 | 6. . 
9-9 


The Sea-man's Practice, 


92 
o Deg. © | 35 Deg: & 3 
FP Il # | Tar. | Dep. |_S 206 28 
2+ 8+: 4 35 28.6 | 20.1 69 | 56.5 39.6 
2 | 17 | 3:1 36 | 29.5 | 20.6 TO | 57-3 | 40-2 
$1. 2:4] 1:5 37 | 30.3 | 21.2 | 71 | 59.2 | 40.7 
4| 343} 2:3 28 | 31.1] 21.8 | 72| 590 | +1:3 
5 | 4.1} 2.9j |39|31-9| 22-4j | 73 59-3 | 41-9 
[ 6] 49| 3-4 40 | 32.8] 22.9] | 74 60.6 | 4245 
71:47 ]:4-0 41| 33.6] 23-5] | 75 | 61.5 | 45© 
8| 6.6| 4.6 4.2 | 34-4| 24-1] | 76 | 62.3 | 43.6 
| 9] 74 2] |43 | 35-2] 24-6, 99:7 S318 2 
l10| 82] 5.7] |44|36.0|252\ | 75] 639 | 442 
111] 9.0] 6.3 45 | 36.5 25.8] | 79 | 64-7 | 45:3 
12] 9.3} 6.9 46 | 37:7 | 26-4 80 | 65-5 | 459 
13 | 10.6 | 7.5 47 | 38.5 | 27-0 31 | 66-4 | 46+5 
14 | 11-5 | 8.0 48 | 39-3 | 27-5 82 | 67.2 | 47-0 
Is | 12.3|+ 8.6 49 | 40.1 | 28-1 33 | 68.0 | 47:6 
16 | 13.1]. 9.2 5O | 41-0 | 28-7 84 | 68.8 | 48-2 
17 | 13.9;|- 9-8 51 | 41:8 | 29-2 85 | 69'6 | 48,3 
18 | 14-7:| 10.3 52 | 42:6 | 29.5, 86 | 70.5 | 49-3 
19 | 15-6|10.9| | 53 | 43-4 | 394! | 37 | 71.3| 499 
2>|164| 13) |34|442|310) | B| 72.1| 505 
21 | 17-2] 12.0 55 | 45-1 | 3745 8 | 72.9 | $11 
22 | 19.0] 12.6 56 | 45-9 þ 347 go | 73,7 | 51-6 
23 | 18.8] 13.2| | 57 | 46.7 | 327 g1 | 74.6 | 522 
24 | 19.6 | 13.8 58 | 47-5 | 33-3 2 | 754 52.8 
25| 20.5] 14.3] |59 [48.3| 333] | 93| 762| 534 
+3 |-14. 49-1 . ; 


The Sca-man's {attice, 
kt | _36 D 


94 The Sea-man's Phactice, 
© | 37 Deg. &| 37 Deg. | | © | __37 Deg. 
S|1235| |5| Bias | | £| Di bo 
' 1] $| 6] |35| 27.9210 69 | 55.1| 41.5 
2| L.6| 1:2 36 | 28.7 [21.6 | |} 79] 55-9| 42.1 
3-] 2.4 | 1:8 37 | 29.5 | 22.2 71 | 56.7 | 42.7 
4\| 3-2] 2.4] |} 38] 30.3 | 22.8 72| 57.-5| 43-3 
5| 40| 3.0 39 | 31.1 | 23.4 73 | 58.3| 43-9 
6] 4.8|-3.6] |40| 31.9 | 241 74 | 59.1 | 445 
7| 5-6 | 4-2 41 | 32:7 | 24-7 75| 59.9 | 45-1 
8] 6.4 | 4.8 42 | 3345 | 25-3 76 | 60.7 | 45-7 
9] 7-2] 5-4] | 43] 34-3 | 25-9 77 | 61.5 | 46.3 
[zo] Bo| 60] |44|35-1]26-5| J_72 |_62:3 | 46:9 
11] 8.8] 6.6 45 | 35-9 | 27-1 79 | 63.1| 47.5 
12] 9.6] 7.2 46 | 36.7 | 27-7 80 63.9 | 48:1 
13] 10.4 | 7-8 47 | 37-5 | 28.3 81 | 64.7 48:7 
14] 11.2 | 8.4 43 | 38.3 | 28.9 82| 65.5] 49.3 
i5| 12.0] 9o| |49| 39.1|295 83 | 66.3 | 50.0 
16] 12.3 | 9.6 FO | 39.9 | 30.1 84 | 67.1 59.6 
17} 13.6 | 10.2 'F1 | 40.7 | 30.7 85 | 67.9| Fl.2 
18| 14.4 | 10.8 F2 , 41.5 | 31:3 86 | 68-7] 51.8 
19| 15.2 | 11.4 53 | 42.3|31.9 | 87 | 69.5] 52.4 
20| 16.0120] |54|43.1|32.5] | 2 _79.3| 53-0 
21] 16.8 | 12.6 55 | 43-9 | 33-1 3g 71.1 $53.6 
22] 17.6 | 13.2- 56 | 44-7 | 33-7 90 | 71.9] $54.2 
23] 18.4 [13.8 57 | 45-5 | 34-3 gl | 72.7] $48 
24 | 19.2 | 14.4. 58 | 46.3 | 34-9 92 | 73.5-| 55:4 
25] 20.0 | 15.0 59 | 47-1 | 35-5 93 | 74.3| $56.0 
26| 20.3 $15.6 60 | 47-9 | 36:1 94 | 175-1-| 56:6 
275| 21.6 |16.2 | | 61 | 43.7 | 36:7 95 | 759 | 57.2 
28 | 22.4 | 16.3 62 | 49.5 37.3 96 | 76.7| 57:8 
29 | 23.2 | 17.4 63 | 50.3 37-9 | 97 | 77.5: 58.4 
30 | 24.0 |18.0| |64| 51-1] 38.9, | 92 | 78.3) 590 
31| 24.8 | 18.6 65 | 51-9 | 39-1 99 | 79.r] 59.6 
32|25.6 | 19.2 66 | 52.7 | 39-7 I0O | 79.9 | 60.2 
33| 26.4 | 19.8 67 | 53-5| 49.3 | [299 | 159.7 | 120.4 
34 | 27-1 [20.4 | | 68 | 54-3 | 49-9 300 | 239.6'| 180.5 
[© | Dep | tr. | | © | Dep. | Tar. | | © | Dep. | Tat 
'F 11S] 53 Deg. | Þ : 
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96 The Sca-man's Pzactice. 
©] 39 Deg. | | © | 39 Peg: S $f 
£ | Lat. Dep. FP | Lat. , Dep _® | Lat. . | Dep. 
1-8-4 35 | 27.2 | 22.0 09 |. 53.6 | 43:4 
211.6; 1.3 36 | 28.0, 22.6 70| $544 | 44-0 
31-244 | 729 37 |28.7 23.3 71 | 55-2 7 
4| 3.1] 2.5 33 | 29.5 23.9 72| 55-9 | 45-3 
3 ]- 3-9 | 73.1 39 | 39.3 24.5 73| 56.7 | 45-9 
0'| 47] 3.8 40 | 31.1+ 25.2 74 | 57.5 | 46.6 
7] $:4] 44 41 | 31.8. 25.8 75| $9.3 | 47-2 
© | 6.2] 5.0| |42| 32.6; 26.4 76| 59.1 | 47.8 
9]. 70] 57] [43]334| 27.1 77] 59-8 | 4d.5 
9] 0 S410 144[342| 277] | ZE 20001 at 
11] 8.5{ 6.9 45 | 35-0! 28.3 79 | 61.4 | 49.7 
12] 9.3; 75 46 35-7 28.9 80| 62.2 | 50.3 
13| 10.1] 8.2 47 | 36.5 | 29.6 81 2.9 | 51.0 
14\ 10.9| 8.8 48 | 37.3 | 30.2 82 | 63.7 | 51.6 
i5| 11.6{ 9.4 49 | 38.1 | 30.8 83 | 64.5 | ' 52:2 
IG | 12.4. | 10.1 Fo | 38.8 | 31.5 84 |- 65-3 | ' 52:9 
I7 j 13.2 | 10.7 Fl | 39.6 | 32.1 85] 66.1 | 53.5 
13 | 14.0| 11.3 52 | 40.4 | 32.7 86 | 66.8 | 54.1 
i9 | 14.8 | 11.9 53 | 41.2 | 33 4 87! 67.6| 54.7 
20 [15-5126] |54|4191 340] | 88) 62:4) 55.4 
121] 16.3 | 13.2 55 | 42.7 | 34-6 39 | 69.2 | 56.0 
22 17.1 13.5 56 | 43.5 | 35-2 g0 | 69.9 | 56.6 
23] 17.9 | 14.5 F7 | 44-3 | 35-9 91] 70-7 | 57-3 
24 | 18.6 15.1 58 | 45.1 | 36.5 92} 715] 57.9 
25 | 194 15-7] [59| 45-5 | 37-1 93 | 72-3] 585 
26 | 20.2 | 16.4 60 | 46.6 | 37.8 94 | 73-1] 59.1 
I27 [21.0 | 17.0 61 | 47.4 | 38.4 95| 73-8 | 59.8 
128 | 21.7 |'17.6 62 | 48.2 | 39.0 96 | 74.6 | 60.4 
29 122.5 | 18.2 63 | 48.9 | 39.6 97} 75-4 | 61.0 
439 [23-3] 18-9]  |64| 49.7 | 49:3] | 98]_76:2 | 61.7 
31 |24.1| 19 F 65 FO.F | 40.9 99 76.9 62.3 
32 424.9 | 20.1 66 | F1:3 | 41:5 100] 77.7 | 62.9 
133 |25.6 | 20.8 67 | 52.1 | 42.2 200 | 155.4 | 125-9 
34 | 20-4 | 21.4 63 | 52.81 42.8 300 | 233.1 | 188.8 
& | Dep. Ta. | | '5 | Dep; | Tit. | |" | Dep. | Tate 
= . Þ| 51 Deg. Þ| . 


The 5ea-man 5 Pzactice. 


© | 40 Deg. © | 40 Dee. & 40 Deg. 
= Tat Dep. # | Tat <A | Tat. þ Den: 
I B| .6 35 | 26.8 | 22-5 69| 52.9] 443 
1:12.41 36 | 27.6 | 23+! 70] 536| 45-0 
3 2.3 1.9 37 | 28.3 23.0 | os 2 5 +4 45.6 
4| 3-1] 2.6 38 29.1 | 24-4 | 722] 55-2| 40-3 
s| 38' 3.2| |39|299|25-1} | 73] 55” 45.9 
6|- 4:6j 3.5 40 | 30.6 | 25-7 74| 56.7 | 47-6 
| 54! 45] [41| 3141283] | 75] $74 4.8.2 
$1. 6.1] -$-1 42 | 324 27.0 | 76| 58.2 45.5 
g9| 69] 5-9 43 | 32.9 | 27-6 77 59.0 | 49:5 
| 7.7) 64 |44| 337 |233| | 72] 597 |.52, 
z1.þ-8.4 | 7-1 45 | 345 | 25.9 79 | 60.5 50.5 
22 9.21} 7:7 46 | 35-2 29.6 80 | .61.3 | 51-4 
13 | 10.0 | 9.3 47 | 36.0 | 39-2 $1] 62.0] 52.1 
14 | 10.7 | 9.0 48 | 36-3 | 30-9 $2 | 62.3 2.7 
15 | 11:5 9.6 49 | 37-5 31.5 83 | 63.6 | 53-3 
16 | 12.3 | 10.3 FO 38.3 | 32-1 84 | 64.3 | 54-0 
17 } 13.0 | 10.9 FT | 39-1 32.9 8z5| 65.1] 546 
i8 | 13.8 | 11.6 52 | 39-0 | 33-4 86 | 65.9] 55-3 
19 | 14.6 | 12.2 53 | 49-6 | 34-1 87 | 66.6| 559 
>o | 153|129| |54|414 | 347 | |_88|_074| 500 
21 | 16.1 | 13:5 55 42.1 | 35+3 89 68.2 $7.2 
22 | 16.9 | 14-1 56 42-9 36.0 9O 63.9 57-9 
23 | 17-6 | 14.8 57 | 437 36.6 g1| 69.7 | 58:5 
24 18.4 15.4 Fs 44-4 | 37-3 92 70.5 59.1 
25 I9.2 16.1 59 45-2 | 37-9 93 71.2 59.8 
26 | 19.9 16.7 60 46.0 38.6 94 72.0 60.4- 
27 | 20.7 | 17.3 61 | 46-7 | 39-2 95 | 72-7 | 61.1 
28 | 21.4 | 18.0 62 | 47:5 | 39:9 96 | 73-5| 61.7 
29 | 22.2 | 18.6 63 | 43-3 | 40-5 97 | 74-3] 62.3 
30 | 23.0| 19.3] |64|492|411| | 2] _D- _63.0 
31 | 23-7 | 19-9 65 49.8 | 41.d 99 | 7 63.6 
32 | 24.5 | 20-0 66 | 52-0 | 42:4 100 | 76.6] 64.3 
33 | 25-3 | 21-4 67 | $1-3 | 43+1 200 | 153.2 |-128.6 
34 | 26.0 | 21-9 68 | 52-1 | 43-7 300 | 229.8 | 192.5 
T5 | Dep. | Lat- TI | Dep. | Lat- 0 Dep. "Lat. þ- 
P | 5o Deg. WM 50 Deg. _ | - 
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26.4 
27.2 
27.9 
28.7 
29.4. 
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22.9 
23.6 
24-3 
24.9 
25.0 


26.2 | 


26.9 
27.5 
28.2 
28.9 
29.5 
30.2 
30.3 
31.5 
32.1 
32.8 
33-4 
34-1 
34.8 
35-4 
36.1 
36.7 
37.4 
38.0 
38.7 
39-4 
40.0 
40.7 
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69 
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71 


58. 
58.9 | 51.2 
59.6 | 51.8 
60.4 | 52.5 
G1.1| $3.1 
619] 53.8 
62.6| 544 
63.4 | 5-1 
64.1| 55-7 
64.9| 56.4 
« 65.6 | 57.1 
0.4] _$2:7 
67.1] 58.4 
67.9| 59.0 
68.7 | 59-7 
69.4 | 60.3 
70.2 | G1.0 
70.9 | 61:6 
1:9 1--63.0 
72.4 | 62.9 
73.2| 63.6 
73-9 | 64:3 
74-7 | 649 
755| 65:6 
-150.9 | 131.2 
'22 6:4 196.8 
| - Dep. Lat. 
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The Sea-man's Pzactice. © 9H 
— &f 42 Deg>| 
|. _Eat-"5\_ Deb. | 
"þ 51:3 

52.0 
52.7 
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The Sea-man's ÞPactice, 


100 
9] 43:D4. | |Y| a3 Der | | & Z®D 
(24 Zt. | Dep. | © [at | Dep. | |_| Lat. | Dep. 
PM 7 35 | 25.6 | 23.9 69] 50.5] 47.0 
| 2] 2:5] 1.4 36 | 26.3 | 24.5 70] $12] 47.7 
1-34 2:21- 2:0 37 | 27.0 | 25.2 71] 51.9] 48.4 
[-44 29]-27| |38| 27.8-| 25.9 72] 52:6| 49.1 
$4 3G1> 34 39 | 28.5 | 26.6 73] 53-4 | 49.8 
1-6] 441 41 40 | 29.2 | 27.3 14+] $41] 5o.s 
7] 5:14. 48 41 | 30.0 | 28.0 75] $48] 51.1 
S 5-8] 5-4 42 | 30.7 | 28.6 76| 55.6 51.8 
91 6.6] 6.1 43 | 31.4 | 29.3 77] $56.3] 52.5 
224 7:31:63] |44| 32:2] 300| | 72] $70] 53.2 
ili 8o[- 7.5] |45| 32-9 | 39-7 79| 57-5] 53-9 
12] 88]. 8.2] |46| 33:6 | 31.4 80] 53.5] 545 
13] 9.5] 89] [47|344|32.0| | $1] 59.2] 55.2 
14 10.2 | 9.5 48 | 35.1 | 32.7 32] 60.0 55-9 
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Now for. the form of ſetting down a Reckoning, although he 
which is accuſtomed to keep it in this manner 5 may happily by 
uſe and praQtice diſcern how to order it in a better way than [ 
can preſently preſcribe or think upon , becauſe he hath occaſion 
often to conſider it in every particular; yet in the mean time 
I conceive it will be fit to have a Book in Foo, that is, two 
Leaves to a ſheet of Paper, and keep the leſt ſide of your Book 
void , that you may write therein all ſuch Occurrences as you ſhall 
think requifite. As namely, the Winds, and the Points of the Com- 
paſs upen-which your Ship lies, and what allowance you make 
tor Leeward-way when you Sail by a Wind, the number of Glaſſes 
or Hours, or how many Knots or Miles in each Hour ; allo the 
Latitudes, which you find.by Obſervation of the Meridian-altitude 
of the Stars, and what elfe you ſhall-think remarkable.. But before 
all this, the Title of the Voyage in-theſe or the like words ; 


The Fournal of our Voyage, intended by Gods aſſiſtance from S.1 
in the Latitide of 32 deg. 25 min. to the Coaſt of England, Cc. 


The right hand Pages, or the right ſide of your Book through- 
out, may by. Lines be divided into twelve Columns , as in the Ex- 
ample following doth appear.. In the firſt Column may be-expreſſed 
the Day, in the ſecond the Month; or at leaſt once in the top of 
the Page; likewiſe in the ſame ſecond Column,being large enough,. 
may be ſet down the Latitudes, which you find by the Meridian- 
altitudes of Sun at ſuch times as you make Obſervation. In the 
third Column the Courſe ( the Leeward-way , if there be any 
Eeeing all»wed.) In the fourth the Variation of the Needle. Inr 
the fifth (having made allowance for the Variation ) ſet down the 
Angle of your Rumb with the Meridian. In the fixth Column ſet 
down the diſtance in Miles run upon that Rumb. In.the ſeventh, 
eighth, ninth and tenth Columns the Northing or-Southing, Eafting 
or Weſting, thereto anſwering,as you ſhall find it by your Table. In- 
the eleventh your Latitudes by Dead-reckoning. And laſtly, in 
the twelfth Column you may at ſuch times as "= think freteſt, ſet: 
down your Longitude from the place from which you firſt departed,, 
or-the difference of Longitude from phtce to place. 


Day.. 
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For an Example, we may frame a Reckoning between the two 
places before-mentioned, namely, from Summer Iſlands to the 
Lizard, whole diſtance in the Rumb we have before ſuppoled to 
be 3299 Miles, as ſome Charrs make it, and conſequently their 
diflerence of Longitude 70 deg. I would not be underſtood as if 
I affirmed it to be ſo much, for 1 ſuppole it is leſs, I was there 
| indeed about 20 years paſt, and Surveyed it, and then kept a 
Reckoning both outwards and homewards, but I have loſt thoſe. 
Reckonings long ſince, and have forgotten what they were, and in 
this caſe it matters not; for whether the ſuppoſition be near the 
truth or not, it ſerves tufficiently to exemplifie the Rule, that 
being the end for which it is uſed. But if their diſtance be 3299 
ſuch Miles as contain only 1000 Paces in a Mile , the ſame being 
reckoned in ſuch Miles, as we have before mentioned , namely, in 
ſuch whereof 60 make a degree of a great Circle , which as we 
find contains 6120 Feetin a Mile, their diſtance will be little more 
than 2695 Miles; and conſequently, the difference of Longitude 
little more than 55+ degrees. 

Let us therefore ſuppole the difference of Longitude between 
thoſe two places to be 55 degrees, and their Latitudes to be the 
ſame as before; namely, of the one 32 deg, 25 min. and of the 
other 50 degrees. And let the Courles, Diſtances, and other 
Obſervations from $xymmer Iſlands to the Lizard be ſuch as be- 

re is ſhewed. 

The firſt entrance in this Journal (which is the 20th day of 
February) is thus to be underſtood ; namely, that from the time 
of ſetting Sail ( which we ſuppole to be the 19th of February) till 
the 2oth day at Noon, the Ship lies away, and makes her way good 
upon the North-Eaft-and-by-Eaſt Point of the Compals; bur the 
Variation being 8 degrees to the Weſtwards ( as in the fourth 
Column appears ) the Rumb upon which ſhe hath run is from the 
North to the Eaſtwards only 43 deg. as is exprefſed in the fifth 
Column (it is indeed 48 5 deg. but the 4 deg. we omit, as for the 
other circumſtances not to be regarded ) upon this Rumb ſhe runs 
78 Miles, as in the {ixth Column appears; and anſ{werable thereto 
I find in the Table before going the Northing to be 5273 Miles, 
a1d the Eaſting 5773, as kere in the ſeventh and ninth Column 
is expreſſed by theſe numbers 522 and 579 (for the firſt F igure 
tOWargs 
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towards the right hand fignifieth the tenth part of a Mile , the 
reſt Miles.) Hence then the Northing being 52 miles, if that be 
added to the Latitude from which it is reckoned, namely, 3 2 deg. 
25 min.' it makes the Latitude here to be 33 deg. 17 min, as 1n 
the eleventh Column appears. In like ſort , the {econd entrance 
being the 21 of February, ſheweth that from the 20 day at Noon 
to the 21, ſhe made her way good upon the North-Eaſt-and-by-Eaſt 
Point of the Compaſs; but the Variation being 8 degrees Weſterly, 
the Angle of the Rumb with the trye Meridian was from the 
North to the Eaftwards 48 degrees; and ſo Sailing 100 miles, the 
Northing is 69 75 miles, and the Eafting 74 74 miles; fo that 
the Latituſe is now 34 deg. 24 min. and the like is to be under- 
ftood of all the reſt. | 

Touching the Longitude, expreſied in the laſt Column, although 
a Reckoning may be kept and ſet down without it, yet it is of 
very good uſe; and how to convert the Eaſting or Weſting (that 
is, the Miles expreſſed in the Eaft and Weſt Columns of your 
Journal ) into Degrees and Minutes of Longitude, we will ſhew 
afterwards, as alſo how you may eafily corre& your Courſe, and 
give the true Courſe or Rumb, iog the Variation, _ 

But firſt to proceed with this Journal, obſerving the Meridian, 
altitude of the Sun upon the 23 and 24 of February, I find that my 
Latitude upon the 24, is 39 deg. 36 min. whereas by Dead- 
reckoning it is but 39 deg. 28 min. ſo the difference is 8 more 
Northerly : But being well aſſured of. the Latitude found by Ob- 
{ervation, I corre& the Dead-reckoning thereby, which may be 
done by the Rule of Proportion, ſaying; 


As the Sum of the North Column, 3125 Co.&. 6.505is5 


to the Sum of the Eaſt Column, 4.300 3-63347 
So the forelaid Increaſe Northerly, Yo 1.90309 
to the Increaſe Eaſterly 119 2.04174 


That is, 41 miles; for the firſt place towards the right hand is 
only for the tenth part of a mile. 

The ſame may alſo ſufficiently be found without the Rule of 
Proportion, by the foregoing Table, outy for looking there under 
the Degree upon which I have Sailed, namely , -under 54 deg- 
for $ miles or 80 tenths of a wile, though I find not the fame 

P exattly, 
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exadtly, yet I find one which is near it, namely,” 82, and againf 
it in the next collateral Cotumn' 3x13 , which is 1157+ miles 
( being too much by x2 of a mile, becauſe the other is too much 
by 75; ) I add therefore in the North Cofumn of the" Journal 
$3 miles, and the Eaſt Column 1+ miles; and fo whereas by Dead- 
reckoning , the Northing was but. 304 75 miles, and the Eaſting 
194 miles; now having corre&ed-it by Obſervation, the Northing 
s 31272 miles, and Eaſting 430/miles. ; 

In like fort upon the 25 day, 1' ſhould by Dead-reckoning be 
m the Latitude-of 44 deg. 9 min. but by a clear and good Obſer- 
yation I find my ſelf in the Latitude of 43 deg. 55 min: that is, 
not ſo-much- Northerly by 14 min. therefore to correct it, I put 
in the South Column 14 miles or 140 tenths, and-fteeing my Courte 
was between the North” and the Eaſt; and that. I find my telf to 
be leſs to the Northwards, that is, more to the Southwards than ny 
. Reckening; therefore in probability I am alfo lefs tothe Eaſtwards, 
that is, more to'the Weſtwards than my Reckoning; bur to find 
how muct-, 1 look in the foregoing Table for the degree upon 
which-I have Sailed , being from the North part of the Meridian 
to the Eaſtwards' 60 deg.” and under 60 deg, I look for 14. miles, 
or 140 tenths, and againſt it in the Column adjoyning I find 24.3, 
which I fet down. in my Journal in the Weſt Column ,, and 16 
fubtrating: the firſt from the'North Column , the other from the 
Eaſt, I find ; that whereas by Dead-reckoning I ſhoud be to the 
Northwards 293 7+ miles, and to the-Eaftwards- 465 53. Now 
havins correRed it by 'Obſervation , K find that from the 24. day 
till this time I have run more Northerly than:I was by 259 77 miles, 
and moxe Eafterly by 441.75 miles. 

But if your Courſe be. near the Eaft'or Weſt, .it may ſufbce to 
corre& it in Latitude. only, as in.the Example. of the.8 of arch 
appears; for in that caſe you cannot corre the Longitude , but 
from {ome further ground. | 
' If there be-any Current, youmay note it, -as it :is done in that 
Example following the 8 of March. 

' Now if you-would fet down this Reckoning-upon- the plain 
or common Sea-Chart ; Firſt, .if you defire- to expreſs, every days 
Atrcount; you may begin for the 20 of. February, and make a'prick 
your Plot that may*be'from: the place-from. which-you ſet Sail, 
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to the-Northwards 52 75 miles, and to the Eaſtwards 57 2; and 
ſo will this Point be diſtant from the place of your ſetting Sail 
78 miles Faſt, and almoſt aquarter of a Point Eafterly : then for 
the 21 My you may make another Prick, which may be from 
the form to the. Northwards-6673 miles, and to the Eaſtwards 
7472 miles, and ſo you may proceed with the reſt, And thus 
you ſhall have a Prick on the Plot. for every day: more exaftly ſet 
down, than could be done after the ordinary way by: Courle and 
Diſtance, or Courle and Latitude; eſpecially becauſe in linins 
the Plot , there are not g nor cannot conveniently be drawn any 
more than the 32 Points of the Compals, viz. not half-Points, 
quarters, or {ingle degrees, 

But if you defire not to ſet down every Days Reckoning (which 
is not neceſſary to be done) you may ſet down every of the Sums 
as they are correted by Obſervation, after the {elf-lame manner. 

Or you may add together all thoſe Sums, and fo the Sum-total 
of the North-Colunin will be 1049 miles, and of the Eaſt Co- 
lumn 2345 miles: therefore in the Meridian of the. place from 
which you depart, you may ſet down to the Northwards of that 
place 1049 miles, which will fall in the Latitude of 49 deg. 54 
min. almoſt , and from thence in that Parallel ſet down dire&aly to 
the Eaſtwards 2345 miles, and there make a Prick for the _ 
where the Ship then is the tenth of Adarch; and fo is all this 
Reckoning ſet down: at once, 

If you keep Reckoning according to Mercator, .it will be requi- 
ſite ſometimes to ſum up your Reckonings paſt , namely, ſo often 
as you make any notable alteration in your Courſe; and fo this 
Reckoning or any other may be ſet down, almoſt as cafily on Mer- 
cater's Chart; the difference is, that here you muſt often alter your 
Scale, becauſe the degrees of Latitude on this Chart are not equal, 
but grow greater and greater towards the Poles. Now then the 

diſtance between two places is to be meaſured by that part of the 
Meridian , which is intercepted hetween the Latitudes of thoſe 
two places: Or if both places lie in one and the {ame Latitude, 
their diſtance is meaſurcd by a degree or other leſs quantity, taken 
about that Latitude z. namely, half above, and half. beneath. 

Wherefore if you would; make a Prick or  Trayerſe-point in 

Afereatcr's Chart, an{wering to vour Reckoning:for the firſt day, 
P-2 , namely, 
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namely, until the' 20 of F ebruary at Noon; it appears by you 
Jourhal that Prick muſt be to the Northwards of the place from 
which you departed 52 74 miles, and to the Eaſtwards 57 2 
miles. | » 

Now inſtead of the North or South Columns, you may more: 
conyeniently uſe the laſt Column but one, ſhewig in what Lati- 
rude Account doth fall; and ſo it appears, that the Prick for 
the 20 of Feb muſt be in the Latitude of 33 deg. 17 min. 
Thetefore- in the Meridian of the Swnmer-Iflands from which you 
departed ,. make a Prick in the Latitudg of 33 deg. 17 min. and 
from that Prick {et down to the Eaſtwards in the fame Latitude 
57785 miles, and where it ends is the Traverſe-point anſwering 
tothe 20 of February : the like may be done for the 21 day, and 
{6 fot all the reſt. This 58 miles may be taken in the Meridian 
from the Latitude of 32 deg. 22 min. to the Latitude of 33 deg. 
20 min.. 6f otherwiſe you may take the half of it, which is 29 
miles, about the middle between both Latitudes, and double it. 

But it is ſufficient to fet down the Sums of every two or three 
Days Accoutit , or fo often as there is any notable Difference in 
your Courſe. Thus if you would: make a Prick in the Chart, 
adfivering to the 2r of February being the: firſt Sum; I ſee by the 
Journal, that it muſt be in the Latitude of 34 deg. 24 min; and to 
the Eaftwards of the place from which I departed 132 72 miles. 
Therefore in the-Meridian of the place from whence 1 departed, 
I make aPrick in the Latitude 34 deg. 24 min. and from that Prick 
I ſet in the fame Latitude-to the-Eaſtwards 132 5: miles, and 
where it ends is the Traverſe-point an{wering to the 21 of Fe- 
druzry, deing'the firſt Sum. This 132 miles may be taken in the 
MetiJian, within, ora little without the two Latitudes, as before, 
namely, from 432 deg. 20 min. to 43-deg. 32 min: 

In hke fort, if you-would make a Prick for the ſecond Sum,being 
the 24 of February, it there appears that it muſt be in the Latitude 
of 39 deg. 36 min. and to the Eaftwards of the Fraverſe-point laſt 

re made 430 miles; thereforein the Meridian of that Traverſe- 
point-I make a Prick in the Latitude of 39 deg. 36 min. and from 
that Priek 1 ſet to the Eaſtwards in the fame Latitude 430 miles, 
-and where'that ends is the T raverſe-point anſwers to the 2.4 day, 
and the like is40 be underſtood - of all the reſt. 


Now 
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Now this 430 miles may be taken ſeveral ways ; for firſt, If 
I take 1 degree about the middle of that part of the Meridian, 
which is intercepted between the Latitudes of the two places ( as 
from 26%eg. 30 min. to 37 deg. 30 min.) and that degree ſeven 
times taken, is 420 miles; then about the middle, namely, 37 deg. 
I take 10 min; more, and fo have 430 miles. 

In like manner you may take 2 deg. or 120 miles to meaſire 
it thereby, which may be taken from 36 deg. to 38 deg. and the 
refiduc about 37 deg. as before , &c. 

Or you may take the half of 430 miles, namely, 215 miles, 
which 1s 3 deg. 35 min. which muſt be taken as before, about the - 
middle part of the Meridian which is intercepted between the 
two Latitudes, and that doubled is 430 miles to be ſet to the - 
Eaſtwards, as before. 

And thas may this or any other Reckoning be ſet'down without 
knowledge of the Lon des but more aptly and exa@ly by fome © - 
Longitudes known ; for then ſhall you have in the two laſt Co- 
lamns the ſubſtance and principal ſcope of your Reckening,namely,.. 
the Latitudes and Longitudes of all places, as you Sail, which may * 
more eaſily and exaQtly be' exprels'd upon this: Chart , . than the | 
Eaſterly or Weſterly diſtances : Therefore how this allo may be - 
done, we will ſhew , but firſt ſomething touching the Comp, 
and the Variation thereof, . which ought not to be negleRed in - 
a Reckoning; 
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Of the Variation of the Compaſi, and how to- redtifie a 
Courſe by the Variation kuown. 


+ Mongkt all the Myſteries 'which God hath of late years 

+ diſcovered to the World for the furtherance of Navi. 

. gation, there is none more neceſſary, nor yet more admi- 

rable than the :property of' the Needle: touched with 

the Load-ſtone , whereby-in the vaſt Ocean, where all the Land. 
marks 
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marks fail, yea even in the darkeſt nights and cloſeſt weather, 
- when neither Sun nor Stars are to be teen , the Mariner (as it were 
by a Meſſenger ſent from Heaven) is taught which,way to direct 
his Ship; yea, as it were accompanied with .a Guide towards his 
deſired Port, 

For the Needle touched, beſides other itrange properties, hath 
this, to point 6ut-in all quarters of the World , the North and 
- South- parts of the Horizon, and fo having a Card thereto fitted 
with Rumbs and Degrees, it ſheweth all Points of the Compals, 
and Degrees of the Horizon. 

Yet very ſeldom exa&tly of it ſelf, without ſome farther Art 
and Induſtry of him that uſeth it; for though in ſome places it 
. kyerves not, yet in moit parts of the World the North and South 
Points of the Needle have fome Variation from the true North and 
South Points of the Horizon to the Eaſtwards or to the Weſt-. 
wards, which how ro diſcover in kind and.quantity, we have 
thewed heretofore. 

It- nay. be thought, ( and ſome men, otherwile learned, before 
this property-was fully diſcovered,-have ſaid) that this ſhould be 
ſome blemiſh and imperfe@ion in a Stone {o precious; but it is 10 
ſo far from being an imperfeRion., that it makes it ſo.-mach the 
more*precious: yet (as I have faid) not-without the induſtry of 
him that uſeth it. He that is negligent or-unskilful to obſerve -it, 
, eſpecially in long Voyages and various Courſes , may be led into 
many dangers by it, becauſe he frames not his mind to the Rule, 
but the Rule to his mind, imagining it to be -what .it is not: And 
hence I ſuppoſe ſprang that cuſtom of placing the Needle or 
Wiers a Point or half a ;Point the Eaſtwards of the North-Point 
.of the Card, thinking by this means to fhun the labour of ob- 
{erving:the Variation , which indeed they might, if the Variation 
were/the ſame in all places, and at all times; but becaule it is not, 
this doth often increaſe the Error. 

But. he that diligently obſerves the Variation, finds (as I fay) 
no prejudice-in-it, only it requires daily, or once in two or three 
days half an hours work; and this labour it doth abundantly recom- 
penle; for by this means he knows at the preſent how. to dire 
his Courſe, and for the future , by thoſe Notes which he keeps of 
the Variations and Latitudes by him obſerved, he knows ger 


The Sea-man's Pzactice: 113 
that way again) when he draws near to any of thoſe places where 
tuch Qbſervations were made , and fo falls the more certainly, with 
any place intended. 
There is further diſcovered of [ate a motion or alteration in 
the Variation of the Needle, and this is ſcarce yet certainly dil 
covered, But comparing the Obſervations which were obſerved 
about fifty years paſt, with the preſent Variation , it appears they 
are lefſer Eaſterly, and more Weiterly by 6 or 7 degrees, than 
they were at that time. For whereas the Variation hath formerly 
been obſerved near London to be 115 deg..to the Eaſtwards, it 
doth now ſcarce exceed 4 degrees. And there is the like alteration 
(as I have heard by ſome Mariners) in other parts of the World ; 
which we now leave to the farther dilcovery of time and induſtry, - 
and come to ſhew how to re&ifie a Courte by the Variation known, 


The Piint of the Compaſs upow which you ſail, and the 
Vartation of the Needle known, to find the Kumb 'or 
Degree upon which the Ship hath made her way, 


T is beſt that the Needle or Wiers be placed dire&ly under 
the Flower-de-luce, or North and South Points of the Card, 
and fo in the Rules following we preſuppoſe them to be. Nbw 

then it is to be underſtood , that the Needle having Variation (as 

for the moſt part it hath) the Ship doth not make her way upon 

that Rumb or Point of the Compaſs, which ſhe ſeems to Sail 

upon, but either more to the right hand or to the left, according 

as the Variation is towards the right hand, or towards the left, and 

that ſo much towards the one fide , or towards the other as that 

Variation 1s: - We ſpeak not here of Leeward-way , but of the 

Variation only. Therefore for the ſolution of this Problem, you 

muſtknow how -the Variation is, and which way z and how this 

may be done, we have briefly ſhewed upon the 12th Cale of Right- 
angled Spherical Triangles, and the 1 1th of Obliquezwhick known, 

you-may find the Angle of the Rumb or Line of your Ships way 
with the Meridian being the thing in-this Problem required. 
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Compaſs with the Meridian. 
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- . For the effeting whereof, we will ſet down two ways; the 
-one by the Pen alone, the other inſtrumentally. If y6u do it by 

ithe Pen alone, although it be not hard to find what Angle every 

& Point or half-Point makes with the Meridian ; yet for your fugther 

_  - eaſe herein), I have expreſſed the ſame in the Table betore-going z 
the quarters of Points I have omitted , becaule the Steerage upon 
a quarter of a Point is very. uncertain ( the' Points being yndi- 
vided as uſually they are.) for man is able by his Eye to gueſs 
&xerynearly which is the middle between two Points, but he can. 
not guefs ſo nearly which is the fourth part, Yet if you dclire 
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any quarter , 'you'may add to the next before-going almoſt 3 de- 
grees; namely, 2 deg. 49min. 

Now then by the Magnetical Rumb or Point of the Compaſs 
and Variation given, tofind the Rumb, you are ts obſerve thete 
two Rules following. 


1. If the Rumb and Variation be both the ſame way from the 
Meridian ( namely, both to the right hand, or both to the left) add 


them together , and that Sum 1s the true Rumb from that part of the © 


Meridian, 

Yet if that Sum exceed 90 degrees , ſubtralt it from 180 deorees, 
the Remainder is the Rumb from the oppoſite part of the Meridian. 

2. If the one be towards the right band, the other towards the left, 
ſubtrait the Variation fromthe Rumb , and the Remainder 5 the true 
Rumb., 

Yet if the Rumb tbe the ſmaller number , ſubtraft it from the Va 


riation , arid the Remainder us the true number the ather way. 


Theſe Rules we ſhall endeayour to illuſtrate by Examples fol. 
lowing. 

= firſt for diſtintion ſake, we ſay the Rumbs or Degrees 
from the North towards the Eaſt, are towards the right hand, 
and ſo from the South towards the Weſt, but from the North 
to the Weſtwards on the left hand, and to from the South Eaſt- 
wards: Fora mans face being towards the North , the Eaſt is 
on his right hand, and the Weft on his left, &e. 

In like ſort for the Variation of the Compals, if it have Eafterly 
Variation, that is, if the Needle and Flower-de-luce of the Card 
ſtand to the Eaſtwards of the North, we lay that Variation is to- 
wards the right band , for not only the North-Point , but all the 
other Points of the Compals dire& a Courle more towards the 
right hand than they would do, if there were no Variation, And 
ſo if it have Weſterly Variation;tuat is, if the Needle and Flower- 
de-luce ftand to-the Weſtwards of the true North-Point of the 
Horizon, we ſay that Variation if towards the left hand ; foraſ- 
much as not only the North-Point, but all the other Points of the 
Compaſs ſtand more towards the left hand than they would do, 
if there were no Variation, This being premifed , we come to 


give Examples of the two Rules before-going. 
I. Exam 


—_; 
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1: Example. Let the Magnetical Rumb or Point of the Compaſs 
be North-Eaſt , and the Variation 10 degrees to the Eaſtwards, 
I demand the true Rumb? 

Here the Rumb and Variation-are both one way ;, that is, both 
towards the right hand; therefore, 

To the Magnetical Rumb being North-Eaftecly 45 deg. oo min. 

Add the Variation Eaſterly 10 deg. 00 min. 


The ſum is the true Rumb North-Eafterly 55 deg. 00-mia, 

2 Example. Admit a Ship fail upon the North-Point of the 
Compaſs, and thatthe Variation be 10 deg. to the Eaſtwards; how 
doth ſhe make her way ? 


The Magnetical Rumb is North , that is , oo deg. 09 min. 

To which adding the Eaſterly Variation 10 deg. ©o min, 
The fum is the Angle from the North-part of W. | 

of the Meridian to the Eaſtwards TO UES. OG. MN. 


Which is almoſt N. by E. and ſo hath: the Ship-made her way. 


3 Example. Let the Point of the Compaſs be Eaſt + Point 
Northerly, that is, from the North to the Eaſtwards +7 + Prints, 
which is 84 deg. 22 min; and” the Variation as before 10 deg. to 
the Eaftwards; F demand the true Rumb ? 

To the Magnetical Rumb, being North-Eaſt; 84. deg: 22 min. 


Add the Eaſterly Variation | 10 deg. oo min. 
The {um is the Angle from: the North 94 deg. 22 min. 
Which ſubtracted from 130 deg. 0 min. 


There reſts the true Rumb South-Eaſterly 8g deg, 38 min. 


4 Example, Let the Courſe by the Compats be Weſt and by 
South , that is, 7 Points from the South to the Weſtwards , or 
78 deg. 45 min. and let the Variation be as before; 10 deg. to the 
Faftwards; what is the true Rumb ? 

To the Magnetical 'Rumb South-Weſterty #8 deg. 45 min. 

Add the Eaſterly Variation- - Io deg. oo min. 


The ſum is the true Rumb South-Weſtexly 88 deg. 45 min. 


-;You-may conceive that the Rumb and Variation are here both 
- .eneway; namely, both from the Meridian towards the right 


% --.. hand. For the Variation of the North-point is from the North 


towards 


S 
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towards the Eaſt , and conſequently of the South-point from the 


South towards the Weſt, both towards the right hand of the 
Meridian , as the Rumb is, 

5 Example. Let the Courſe by the Compaſs be Weſt, that is, 
from the South to the Weſtwards 8 points or go degrees, and let 
the Variation be as before, 10 deg. to the Eaftwards; I would 
know the true Courle or Rumb? 


To the Magnetical*Rumb South-Weſt 90 deg. 00 min, 
Ad the Variation Eafterly io deg. 20 min. 
'The ſum is the Angle with the South- Tp par 

part of th&@Meridian ME. bro 
Which ſubtracted from 150 deg, 00 min. 
There reſts the truc Rumb North-Weit 80 deg. 00 min. 


Let the Courſe of the Compaſs be Weſt, that is, from the North 
t” the Weſtwards 3 points or go degrees, and let the Variation be 
1c deg. to the Weſtwards;, I demand the true Rumb ? 

To the Magnetical Rumb North-Weſt 99 deg. oo min, 


Add the Variation Weſterly 10 deg. 06 min. 
The ſum is 190 deg. oo min. 
Which ſubtracted from 180 deg. oo min. 


There remains the true Rumb South-Weſt B8o deg. oo min. 


Objett. The Magnetical Rumb being here Weſt 99 deg. why 
ſhould it not as well be counted from the South, as from the North ? 

Anſw. It may be counted from either ; for as it is counted here 
from the Nort! to the Weſtwards , it falls under the firſt Rule, 
becauſe the Variation is the ſame way : But if it be reckoned from 
the South to the Weſtwards, it falls under the ſecond Rule, 
whereof we now come to give ſome Examples, ſuppoſing theſe 
already given ſufficient to illuſtrate the firſt Rule. 


7 Example. Let the Point of the Compaſs by NV. N. W. and 
the Variation 10 deg, Eaſterly; I demand the true Rumb ? 

From the Magnetical Rumb North-Weſt 22 deg. 30 min, 

Subtract the Eaſterly Variation 10 deg. oo min. 

The Remainder is the true Rumb North-Weſt 12 deg. 39 min. 


' 8 Example, Let the Point of the Compals be North, and the 
Variation Eaſterly 10 deg. what is the true Rumb ? 
Q2 From 
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" From the Eafterly Variation 10 deg. 00 min, 
Subtra& the Magnetical Rumb, NW oo deg. 00 min, 


The Remainder is the true Rumb, J 7 
the other way ,. namely, MN E "Co: O00. 
Object. The magnetical Rumb may as well be named North- 
Eaſterly o deg. © min. 
Avnſw. It may, but then it is ſubject to the firſtRule, as in the 
ſecond Example. 


go Example. Let the Courte of the Compaſs be Weſt, that 
is, from the North to the'Weſtwards 8 Points or go Degrees, and 
let the Variation be as before 10 deg. to- the Eaſtwards , what is 
the true Rumb? 


' From the Magnetical Rumb .n/ go deg. oo min. 
Subtrad the Eaſterly Variation 10 deg, 00min. 
There reſts the true Rumb NV W 80 deg, 00-min, 


Here the magnetical Rumb might as well been- South-weſterly 
go deg. and fo it had fallen under the firſt Rule, as in the fifth 
Example. 

. 10 Example. Let the Courſe by the Compats be Weft, that is, 
from: the. Southto the Weſtwards 8 Points or go degrees, and 
tet the Variation be 10 deg. to the Weſtwazds,, I demand the true 
Rumb ? | 


. From the Magnetical Ramb SW | go deg. 00 min. 
| Subtra& the Weſterly Variation | 10 deg. oo min. 
The Remainder is the true Rumb SW 80 deg. oo min. 


If the Rumb here had been reckoned from the North,. as in the 
fth Example, it had fallen under the firſt Rule. 

And: this may 1utfice for the iHuſtration of the two former Rules 
in the folution of this Problem. 

The fame may allo more ealily be reſolved, by ſuch an Inſtrument 
as is here deſcribed, conſiſting of two Circles; the one, being the 
nethermoſt, divided into-4 Quadrants, and every of thole into go 
deg.numbred from the North and South Points, towards the Ealſt 
and Weſt... 

The other , being the uppermoſt, and moveable about the 


” Centre , divided aw the Card of the Compals into XXX1I Points, 


and thoſe again fubdivided into halyes and quarters. 
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By this you may readily find the true Rumb for any Courſe and - 
Variation glven. 4 | 


For if you turn the North-Point of the upper Circle, from the | 
North-Point of the lower, {o many deg. and the ſame way that the / 
Variation is, and then look in the fame upper Circle for the 
Magnetical Courſe or Point of the Compals propoſed , yow ſhall 
find right under it in the nether Circle what number of degrees 
the ſame is diſtant from the 1V. or S. Points of the true Meridian 
towards the E. or W. whick is the true Rumb here required. 

As ſuppole the Variation to be 10 deg. Eaſterly, and the Courſe 
by the Compats Eaſt half a Point Northerly, and there be required 
the true Rumb. | 

I tugr-* + 
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I turn to the North-point of the upper Circle from the North- 
point of the lower 10 deg. to the Eaſtwards, and then I look in 
the upper Circle, for Eaſt half a Point Northerly , and right 
under it in the nether Circle I find 85 deg. and about one half, 
.numbred from the South-part of the Meridian towards the Eaſt; 
.therefore I conclude , that the true Rumb-required is from the 
South towards the Eaſt, 85 5 deg. and ſomething more. 

By this Inſtrument alſo ( if you ute the Pen only, as before we 
have ſhewed) you ſhall readily fee when to acd, and when to 

fubtract, 


CHAS, AL 


To keep a Reckoning of your * »ugitude , aud ſo to ſet down 
? J 4 « $509! 
a Reckoning by Lorprtudu Wa Latttnar. 


twelfth and laſt Column expreſſed in 1uch places as it ſeemed 
moſt requiſite, the Longitudes , we come now to ſhew how 
+ the ſame may be known; and firſt , | 


By the Rumb and Latitude given , to find the difference of Longitude. 


As the Radius is in proportion , to the Tangent of the Rumb); 

So is the difference of Latitude in Meridional parts, 

To the difference of Longitude in Minures. 

As let the Rumb bc North-Eaſterly 48 deg. and ſuppoſe a Ship 
torun upon this Rumb, from the Latitude of 3 2:deg, 25 min, into 
the Latitude .of 34 deg. 24 min. there is required the difference 
of Longitude. Here, 

The Meridional parts anſwering to 34 deg. 24 min, 2200 

The Meridional- parts for 32 207: 2058 

The difference of Latitude in ſuch parts is 14.2 
Say then, As Radius is in proportion, | 

To the Tangent of the Rumb, z. 48 deg. oo min. 10.04.56 

So the difference of Latitude in Merid. parts, 142 2.1523 


To the difference of Longitude in Minutes i158 2.1979: 
Thele 


]* the Example before given of a Journal, we have in the 
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Theſe Minutes converted into deg. are 2 deg. 38 min. which is 
the difference of Longitude required, as the {ame is exprefied in 
the Journal againſt the 21 of February. 

And thus Sailing upon one and the fame Rumb , you may find 
the difference of Longitude, and fo often as you alter your Rumh, - 
{o often working by the {ame Rule , you ſhall have a the diffe- 
rences from place to place, which added together, make the whole 
difference of Longitude. . 

But you may alſo find the difference of Longitude near enough 
at one Operation for many ſeveral Rumbs and Diſtances, provided 
that thoſe Rumbs differ not much one from another. As in the © + 
former Journal from the 27 of February, till the 2 of March, - 
I ſail by ſeveral Rumbs and Diſtances from the Latitude of 43 deg. 
55 min. into the Latitude of 48 deg. if. you would find the diff 
rence of Longitude hereto anfwerable at one Operation, .it may. 
be done by this Rule. 


As the difference of Longitude in Miles, 

Is to the departure from the Meridian in Miles; 

So is the difference of Latitude in Meridional parts, . 

To the difference of Longitude in :Minutes. 

As in that Example the difference of Latitude for all thofe-: 
Courſes, as in the North Column appears, is 2444. 


The departure fromthe Meridian, as there in the Eaſt Column + 
appears, is 6301. | 


The Merid. parts for the Latitude of 43 deg. 55 min; are 2939 6 
The Merid. parts for the Latitude of 58 deg. oo min. are- 3292 


' Thedifference of Latitude in Meridional parts, is 3532." 

Say then, As the difference of Latitnde” 2444 co: ar. 6:6119"- 
To the departure from the Meridian 6301 3-7994-. + oF 
So-the difference of. Latit. in Merid. patts 353+ 2.5478 | 
To the difference of Longitude in min. . 910 2.9591 


Which reduced into degrees, is 15 deg. 10 min. . And added 
to the former Longitude 2 1 deg. 43 min. gives the pretent Longi- 
tude 36 deg. 28 min. for the 2 of March. 

The like may be done for the Account- from the 2 of Afarchy 
' ta the 55 of the-fame, .&c-- <A 
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But if your Courſes and Diſtances run , be all near to one and 
the ſame Parallel or Latitude ( as in this Journal they are from the 
5 of March to the 8, and from the 8 to the 10,) then it is ſuff- 
cient to find what Longitude in that Parallel is anfwerable to the 
Miles of Eafting or Wefting, or departure from the Meridian by 
this Rule : 

As the Sine Complement of the Latitude of that Parallel, 

Is in proportion to Rds; 

So is the number of Miles in that Parallel, 

To the difference of Longitude in Minutes. 


As from the 5 of March, to the 8, the Latitude was near 50 deg. 
"the Eaſterly diſtance 186 72 miles: therefore for the difference of 
Longitude, ſay; 

As Sine Complement the Latitude, s.c. 50 deg. o min. 1919 
.To Radings, 
So is the departure from the Meridian 186 8 3.2714 


To the difference of Longitude 290. 6 344633 


Thus it appears, the difference of Longitude is almoſt 291 min. 
-which is 4 deg. 51 min. and this added to the Longitude upon the 
.x of March, namely, to 46 deg. 52 min. the tum is 5 1 deg. 43 min. 
the Longitude for the 8 of March : the like might be done for 
the 10 of Merch. 

And though this laſt Rule be then fitteſt to be uſed, when your 
.Courfe is near Eaſt and Weſt, or your difference of Latitude little, 
yet it may alſo be uſed at other times inſtead of the two former, 
-without any :great Error, if you take the middle degree of Lati- 
:tude, or fomewhat more, as in the former Example. 

The Latitude upon the 25 of February is 43 deg. 55 min, 

The Latitude upon the 2 of arch 1s 48 deg. oo min. 

The middle Latitude, or ſomewhat more, is -46 deg. 10 min. 
'Say then ; | 

As Sine Complement the Latitude s.c. 46 deg. 10 min, 1595 

To Radins : 

So the Eafting or departure from the Merid. 630 1 93.7994 


TT —I—_m_—  - 


To the difference of Longitude 909 7 3.9589 
Which is almoſt 910 min. or 15 deg. 10 min. as before. 


And 
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And thus yau may in the twelfth and laſt Column of your 
Journal ſet Cown your Longitude, ſo often asyou think is requilite ; 
and ſoin the two laſt Columns you ſhall have the fabſtance and 
principal ſcope of ”_ Reckoning , namely, your Latitudes and 
Longitudes, which whenſoever you defire to fet down in Merca- 
tor's Chart, or in the Polar Chart, or in any other, graduated with 
Degrees of Longitude and Latitude, as you may readily do it. 

As if you would fet down the ſum of the forefaid Journal from 
the 19 of February to the 10 of March, I find againſt the 10 of 
AM:_arch the Latitude to be 49 deg. 54 min. and the difference of Lon- 
gitude 54.deg. 53 min. Therefore in the Latitude of 49 deg. 54 min. 
I draw an occult Parallel, and reckoning from Swnmer-Ilangs to- 
wards the Eaſt 54 deg. 53 min. I draw by that Longitude an occult 
Meridian"; the Interleftion of this Meridian with the foreſaid 
Parallel , is the Traverſe-point, or the Point repreſenting the place 
of the Ship : and the like is to be underſtood ef any other. 

This form of keeping and expreſſing. a Reckoning , is (as 1 
concieve) moſt apt and agreeable ( of all others that I have ſeen or 
thought upon) to all ſorts .of Charts or Maps, and to the Globe it 
ſelf; and to all the kinds or ways of Sailing, that are or may be 
uſed, Wewill here add ſome other Propofitions which may ſome- 
times be of good and neceſfary ule in it. | 


"The Rymb and Differerce of Latitade. given, to find by the Table, 
the Diſtance in the Rumb , and the Departure from the Meridian 
thereto anſwerable, &c. 


HY. to find the Northing or Southing , that is, the Diftance 
in Latitude; as alſo the Eafting or Weſting , that is, the 
diſtance in Longitude, or departure from the Meridian of any 
Rumb, for any diſtance run upon it, we have before ſhewed ; the 
Operation is in theſe Propolitions following; namely, | 
2. The Rumb and Diſtance in Latitude given: to find the Di- 
Bance in the Rumb , and the Eaſting or Weſtin. 
3. The Diſtance and Difference in Latitude -given : to find the 
Departure from the Meridian, and the Rumb, | 
4. The Difference in Latitude , and Departure from the Meridigs 
given : to find Courſe and Dijtance. 
5. The 
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5. The Courſe ant Departure from the Meridian given: to find 
the difference of Latitude and Diſtance. 

6. The Diftance and Departure from the Meridian given: to 
find the Courſe and difference of Latitude. 

- So that with the firſt before-handled , here are fix Propoſitions, 
and in every one of them two things required ; and ſo they be- 
come twelye. We will not ſtand to give Examples of them all, 
but only of thoſe which are moſt uſeful , the reſt may by them be 
conceived. ; 

And firſt, to find the Eafting or Weſting of any Rumb for any 
difference of Latitude. 

Admit a Ship run North-eaſterly 60 deg. ( that is, V. E. by E. 
and almoſt half a Point Eafterly) till ſhe have altered the Latitude 
42 min. how much is ſhe departed from the Meridian 2? 

E run down the Column under 60 deg. till I find 42 Miles, or 
420 tenths, and againſt it in the adjacent Column I find 728 
tenths, that is, almoſt 73 Miles, which is the Departure from 
the Meridian-to the Eaftwards. 

If you would alſo have the Diſtance upon the Rumb, it is right 
; _ theſe numbers in the Column of Diſtances, being in this 

xample 84 Miles. 

2 Example. But admit ſhe run North eaſterly 60 deg. till ſhe 
alter her Latitude 1 deg. 32 min. what is the Eaſterly diſtance ? 

This 1 deg. 32 min. is 92 Miles, or 920 tenths, for which if 
E look in the Column-under 60 deg. I-find no- 
number ſo great , but the greateſt 'number-. 100. 500 $66 
there is 500, which ſubtraſted from 920, 84 420 728 
' there remains 420; therefore in that Column _ —_— 
© under 60 deg.-I look for-theſe two numbers, 184 920 1594 
namely, 5oo and 420, and againſt the: firſt 
in the adjacent Column I find-866,, and again{t the ſecond 728, 
\ which I ſet againſt them as above appeareth, and'fo adding them, 
I-find* for this difference of Latitude, the departure from the 
Meridian to be 159 5+ Miles. 

If further yon defire the diſtance run upon this Rumb, you 
have it in the Column of Diſtances,right againſt the ſame numbers, 
_ as. in, the Example above appeareth , where: being added, it 

* amounts to 184. Miles. | b 
| 'Y 
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The. Diſtance and Difference in Latituae given : to find the 
Rumb. and Departure from the Meridian. 


Dmit a Ship run upon ſome Rumb between the North and 

the- Eaſt 84 Miles, and then have altered her Latitude 

42 min. the Queſtion is, upon what Rumb hath ſhe run, and how 
many Miles is ſhe to the Eaſtwards in Longitude ? 

I run croſs the Table towards the right hand, looking in 
every firſt Column of Diſtances for 84, till I find againſt it in 
one of the adjacent Columns 420, at the top of which Co- 
lumn over 420, there is 60 deg. ſhewing the Rumb to be 
North-eafterly 60 deg. alſo againſt 420 in the adjacent Column 
I find 728, which ſheweth the diſtance to the Eaſtwards to be 
almoſt 73 Miles. 

2 Example. But if the diſtance run be 184 Miles, and the 
difference of Latitude 1 deg. 32 min. and there be required the 
Rumb and Diſtance to the Eaftwards. 

Becauſe.the Column of Diſtance extends but to 100 Miles, and 
the diſtance here given is 184 Miles, you may take half thereof, 
which is 92 Miles, and likewiſe the half of 1 deg. 32 min. which 
i5 46 Miles, or 460 tenths, and then look, as before, where 
you find 460 againſt 92, for there in the top of the Column you 
ſhall find the Rumb , which in this' Example is 60 deg. ſhewing 
that the Rumb is from the North Eafterly 60 deg. and in the ad- 
jacent Column againſt 92 and 460, you ſhall find 797, which 
doubled ( becauſe it is for the half) is 1594, ſhewing that the 
departure from the Meridian to the Eaſtwards is. 1597 Miles. 
Theſe and the reſt may alſo be performed by the Dottrine of Plain 
Trianeles, as we have formerly ſhewed. | 
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Certain Problems touching Currents, 


Lthough the time be already expired which I aſſigned for 
this Work, and mine own more urgent occaſions call me 
away,, yet ſeeing it is neceflary in Navigation to take 
notice of Currents, and to make a competent allowance- 

for them; I will briefly ſet down certain Problems, ſuch as I have 

ſometimes thought upon , whereby a man may the better concieve 
and judge of that. allowance, the rather for that I know not. any. 
that have handled it. | 

Firſt then, it is to-be-concieved, that a Ship or other Veſſel 

Sailing or Rowing where: there is a Current, hath a compound 

motion. ariſing of two- different Principles; namely,. of the Cur- 

rent and Ships way, ſo that here are three motions to be conſide- 
red, namely, two ſimple, and the third compounded of them. 

The firſt fimple motion: is that of the Current, whereby it moveth, 

and is apt to move other things that are in it in the ſame way. 

The ſecond, of the Ship or Boat, as it moveth by Wind or Oars,. 

or is apt to be moved, if there were-no Current. Fhe third, com-. 

pounded of them, is the Line of the Ships true motion. The farſt,. 
we-call the way er motion of the Current; the tecond ,. the way,.. 
or {imple motion of the Ship; the third , her compound or true 
way. The two ſimple motions being either of them according to 
zight Lines, and uniform (as in the Problemsfollowing we ſuppoſe - 
them to be.) The third alſo, whict-is compoſed of them, is a right- 

Kine; for whether the Ship fail direRly oppoſite- againſt the 

Current, or dire&ly with it the ſame way, or whether the one crols 

the other at right Angles or at oblique ;. yet ſtill either motion, 

being dire& and uniform , they both together beget a right-lined 
uniform motion, becauſe the one retaineth to-the other the one and 
the- ſame preportion in every Point:- And according to theſe 
grounds we proceed in the- Problem following , to: determine the 
proportions of every of theſe motions, and the Angles-which they 


make one with another. 
Io. Admit 
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i» Admit a Current run Eaſt 3 Miles an hour , and that a Ship urder 
Sail run Weſt airetty againſt it 6 Miles an hour in her ſimple 
notion , waat 1s ber true or compound motion ? 


Fromghe Ships ſimple motion 6 miles - 
SubtraR.the Current 3 miles 
The Remainder. is the Ships true motion 3 miles 


So the Ships true way is to the Weſtwards 3 miles an hour. 

2: Admit a Cuxrent run Weſt 6 Adiles an hour, and that a Ship under 
Sail run direitly againſt it 5 Miles: an hour by the Log : what- 
15 the Ships compound motion , . and which way ?. 


From the.Current beingthe greater 6. miles 
Sybtra the Ships ſtmple motion 5, miles 
There remains the Ships true motion 1 mile 


Which 1- mile ſhews,,. that the Ship:by her compound motion : 
falls a-tern, that is, moves to the. Weftwards 1 mile-an hour: 

In the experimental Prattice of the two former Problems, it may 
ſeem, that a Ship or Boat ſo ordered , ,hath alſo a motion to the - 
right hand orto the. left; but+this comes to paſs, becauſe it is hard, . 
and in a manner impoſſible, to ſtemg,Tide-or Siam ſo exactly, but. 
that the Ship will ſwerve. (or yaw, they ſay) either to one.lide - 
or- to the other. 


3. Admit a Current: run Eaſd:z Miles an hoxr , and. that: the Ship - 
alſo run Eaſt 3 Miles an hour by the Leg : what. s the Ships true. 
mation. ? | | 


Tp the Ships ſimple motion : 3 Miles , 
Add the Current: 3 miles. 
The Sum is the Ships true motion 6:miles+ 


So the Ships compound or true way is 6. miles an hour. 


4; Admit a Current run Eaſt 2 Miles an hour, andthe Ship Stxth » 
6 Miles an hour : what u the Ships true metion, ard which way ?. 


In handling 'of any Art , to- avoid circuml6cution; . there-are-- 
uſed Terms or Words of Art, ſerving to expreſs briefly-the. things . 
handled. . And foraſmuch as this Subje& hath' not been formerly 
handled , nor:the Principles or Grounds thereof. laid ( fo far as-I; _ 
know) we will add a few-ſuch'terms as may: ſeem. moſt'neceſlary, , 
expreſſing here what we mean-by them... Let: - 
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Is | Let the Line AB run from A tothe South- 
| . wards, and B D from B to the Eaſtwards,. and let 
AB be in proportion to. B D, as 6 to 2,0r 3 to 1. 

Then doth 4B repreſent the line of the Ships 
ſimple motion, B D the motion of the Current, 
and A D the compound motion of the Ship. 

And DAB is the Angle contained between 
the line of the Ships fimple motion', and the line 
of her compound or true motion , which for bre- 
vity fake we will henceforth call the eAnele uf 
Deflettion. Alſo A DB.is the Angle contained 
between the line of the Ships compound motion, 

A\ and the ſet or drift of the Current, waiich we 
call the Angle of Refleftion. 

Laſtly, ABD is. the Angle contained between the line of 
the Ships ſimple motion, and the-ſet of the Current, whieh we will 
call the - Angle of Incidence. 

Then for the . Rum , the proportion ts thus : 


As the ſimple mgtion AB 6 miles C0. ar. 9.2219 
. Is to the Current ® BP D 2 miles 0.3011 
'So 1s Rudins GB — 


To the Tangent of Defletion : DAB 18 deg. 26 min. 9.5230 


- So. the Rumb upon. which the Ship makes her way good i 
South 18 deg. 26 min. Eafterly, that is, S.8,.E. 4 deg, 4 min- 
Southerly. 


2. For the Ships true way, or compound motion : 
As the Sine of the Deflection 5 DAB 18 deg. 26 min, 0.5009 


To the Current * DB 2 miles 0.3011 
Js Radius - 
To the true motion - AD6700 o:8011 


So. the Ships compound motion is 6 535 miles hourly, that is 
6% miles almoſt. 
$- A Ship ſails Weſt 5 days together by the Logs; 72 5 miles, but there 
55a Current , all this while "Fettin 2 to the Southwards 1 miles an 
bour : 1 demand how She hath ſailed, and how far * © 


T he Current ſetting 1 ; > ally an hour, oy in 5 days 180 miles : 
Therefore, 
As 


— 
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As the ſimple motion AB 725 miles 7.1397 
Is to the Current D B. 189 miles 22553 
So is Radius | | | 
To the Tangent of Defletion *D AB 13 des. 57 ni. 9.3950 


For the Diſtance : 
As Sine-compl. the Defle&ion 5c D AB-13 deg. 57 min. 0.0130 


Is to the ſinple motion AB 725 miles 2.8603 
$9 is Radins wt | 
To the compound niotion AD 747 miles 2.8733 


So the Ships true way is Welſt-foutherly 13 deg. -57 min. or 
South-weſterly 76 deg. 3 min. 747. miles, 
6:*.A Ship ſails Weſt 5 days together by the Log 725 miles, in a 
Current ſetting to the Southwards, and then finds that ſhe hath altered 


her Latitud? 3 degrees 5 I demand the motion of the Current , the- 
Rumb and true way of the Ship ? | 


This Queſtion differeth little from the former, for ſeeing the 
difference of Latitudes is 3 deg. the motion of the Current is-180 
miles: ſo there is given the Ships ſimple motion, and the motion - 
of the Current, as before, ec. 


7: A Ship in 6 hours ſails from a certain Cape or Head-land , South 
30 miles by the Log, in a Current ſetting Eaſterly, and then ob- 
ſerving the ſame Cape , he finds that it bears N. N.W. I demand - 
how faſt that Current ſets, and how far ſhe hath ſailed? 


As let a Ship fail frem 4 towards B South 3o miles, but by * * 


means of the Current, ſhe is driven more Eafterly, namely to D, 
trom whence ſetting the Cape A,it is found to bear N. N. W. And 
lecing the Current ſets from B towares D Eaſterly ; therefore the 
angle of-Refle&ion B D A is 6 Points, that is, 67 deg. 30 min. 
Here then is demanded the diftance. A D, and the drift of the 
Current in that time B D.- | 


As the Sine of the angle of Refleftion +B D A 67 d. 30m. .0344. 


To the ſimplemotion of the Ship AB 30 miles \ 1-4771 
So the Sine of the angle of Defletion s D A B 22 d. 30M. 9.5736 
To the motion of the Current: B D 12 53% 1.0851 


« And 
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| An further, 
As the Sine of the Angle of RefleRion 5B D A 67 4. 39m.034.4 


'To the diſtance run by the Log AB 30 miles, I:4771 
SO 1s Radius RTE FAT 
To the compound motion of the Ship A D 32 724 L.5115 


And thus we find the Current to ſet 12 73%; that is, near 12 £ 
-miles in 6 hours, and the diſtance run to be 32 + miles almoſt. 

That the thing may be better concieved , we. will ule two or 
three Examples more familiar and obyious to eyery man's expe- 
rience; yet grounded upon the ſame Principles and Reaſons. 


B. Aamit that Tulis-ftairs bear from Billingſgate-ſtairs South-weſt 

Southerly , namely, South-weſterly 4.0 degrees, and be diſtant 80 

Poles; and ſuppoſe the Tide of Ebb to run there Eaftward 2, Miles 

an hour , and that a pair of Oars, rowing 4.4 Miles an hour, would 

£0 ſtraight over oo the firſt to the ſecond : How ſhall they row over, 

namely, upon what Degree er Point of the Compaſs, and how far 
they row to get thither, ard in what time ? 


"if _ 


Let 4 repreſent Billingſoate-fairs, D Twk-ſtairs, AE the 
ſimple mation of the Boat, E D the motion of the Current, then 
is A the Angle of Defleion, E the Angle of Incidence, D the 
Angle of RefleQion 130 deg.or 50.deg, 

s the ſimple motion of the Boat AE4* miles 9-34679 


Is to the motion of the Tide DE27 miles 0.39794 
'$o is the Sine of Reflefian Ds 5odeg. 9.88425 
Tothe Sine. of DefleRion As 23 deg. 3 min,g.62898 


Thus then the Poſition from 4to D , being South-weſterly 40 
,Ccg. and the Angle of DefleRion- A 23 deg. 3 min. the poſition 
| from 


» 


from A towards E, is South-weſterly 63 deg. 3 min. that is, 


W.S,.W. Southerly. And ſo muſt thoſe Oars row to go ſtraight 


over. 
Secondly, for the Diſtance A E. 
From the angle of Refle&ion D 3odeg. oo min. 
Subtra& the angle of DefleQion A 23 deg, 03 min. 
And there reſts the angle of Incidence FE 26deg. 57 min. 
As the Sine of Incidence -&s E 26deg. 57 min. 0.34370 
To the true Diſtance A D 8o Poles 1.90309 
So the Sine of RefleKtion 5D 5odeg.oo min. 9.88425 
To the ſimple motion AE 13573 Poles 2.13 104 
| Laſtly, for the Time. 


Seeing 320 Poles make a Mile, and they row 4 5 miles an hour, 
it is 2440Poles in an hour; ſo the proportion is , 


As the ſimple hourly motion 1440 6.84.16 
To the ſimple motion before found 25 70- * 2.1310 
So is an hour in minutes, namely, 60 min. 1-7781 
To the time required in minutes 5 is 0.7507 


And ſo long will they be rowing over. 


g. But ſuppoſe they will row harder, to go a ſhorter cut ; namely, to 
go South-weſt by Weſt : How faſt muſt they go to row ſtraight over, 
aud how far, and in what time ? | | 
Then ſeeing the Propofition from 4 to D is South-weſterly » 

40 ces: and South-weſft by Weſt is South-weſterly 56 deg. 15 min. 

therefore the angle of Defle&ion at A, is 16 deg, 15 min. the 

angle of Refletion D as before, 50 deg. 00 min, the angle of In- 
cidence .E'is 33 deg. 45 min. ? eB 


As the Sine of Defle&ion 3 A 16 deg. 15 min.” F531 
To the metion of the Tide DE 2 * miles 0.39794. 
So the Sine of the angle of Refletiou D 50 deg. 0 min. 9.88425 
To the ſimple hourly motion of the Boat AE 6 7855 0.83530 


And ſuch is the hourly motion of the Boat , namely; 6 524+ 
miles in an hour, a 


S Secondly, | 


” 
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| Secondly , for the ſimple motion. 
As the Sine of Incidence sE $3 deg. 45 min. 0.25526 
Is to the true diſtance A D 80 Poles 1.90309 
Se the Sine of RefleRion D 5odeg. oo min. 9.88425 


To the ſmple motion AE 1107 Poles 2.04260 
Thus it appears they muſt row 110 74 Poles to get over. 
| Laſtly, for the Time. 
The hourly motion before found 6 73*£ reduced 


 mto Poles, is 2190 73 
As the fimple hourly motion 2190 6.65956 
Is in proportion to an hour ,. or 60 min. I.77815 
$0 is the fimple motion before found 11074 2.04260 
To the time required 7332 min, 0.4$031 


And fo long they will be Rowing over. 
10. But admit a Sculler rowing 3 miles an hour, would croſs ſtraioht 
' over at the ſame time , upon what Point muſ# he row , and bow 
far to vet thither, and in what time will he doit ? 


Firſt, for the Angle of Poſition. 


As the hourly motion of the Boat AE 3 miles 952288 
To the Sine of Refleftion D - 5odeg. * $8425 
So is the hourly motion of the Stream DE 2 + min. _ 0.39704. 
To the Sine of Defletion As 39 deg, 40 min. 9.80507 


Nox ſecing the poſition from Biliingſoate to Tults-ffairs, namely 
from A-to D; 1s by ſuppoſition to the Iv eſtwarcs of the South 40 
deg. and the angle of Defle&tion 4 is here found to be 39 d. 40 m. 
' therefore the poſition from A'to E is from the South to the'Welt- 
wards. 7g deg. 40 min. which is W, and by S. and almoſt 1 deg. 
Wefterly, and ſo mult that Sculler row to g0 ſtraight over. 


Secondly, for the Diſtance A 


From the angle of Refle&ion le godeg.oo min. 
Spþcradting the angle of Defleftion 4 . 39 deg. 40 min. 
_ There reſts the angle of Incidence EF 10 deg. 20 min. 
As the Sine of Incidence s FE 10 deg: 20 min. 74624- 
"Fo the true diſtance A D $oPoales 1.90399 


So-is theSine of Refleftion . 5 52 deg- 00 min... 9.88425, 
Fo we ſimple motion AE 3415p. 2.53358 
| And 
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And thus it appears, that though the diſtance of the two places 
be but 80 Poles, yet if accordihg to the Queſtion , he row but 


after 3 miles an hour, and the Stream ſet afrer 2 4 miles an hour, 
then he muſt row 341 7$ Poles to go ſtraight over, 


Laſily, for the Time. 


Three Miles is 960 Poles; ſay then , 


As the ſimple hourly motion 960 7.01773 
To the ſimple motion before found 34175 2.53358 
So is an hour in minutes, namely 60 min. 1.77815 
To the time required in minutes 215227 1.32946 


And thus it appears, that the time requiſite to row over, rowing 
3 miles an hour, is 2173+ minutes; whereas we found before, 
that rowing there 4+ miles an hour, they might row' over in 
5 74+: minutes, which is little more than a fourth part 'of the 
r1me. 
There might be other, and that great variety of Queſtions of 
this nature propoſed and reſolved, many of good uſe in pradtice, 
which the Water-man by daily experience without other Rules, 
are able to gueſs at ſomething nearly, ſufficing for their- occaſions : 
My intent in theſe is eſpecially to explicate the Compound motion 
of a Ship, or other Veſſel, Sailing or Rowing where there is a 
Current; which by fuch familiar Examples may ſeem more evi- 
dent, I cannot inſiſt upon them by reaſon of my other occaſions, 
nor ſpend that time in theſe here handled , which-elſe I ſhould 
have done; whence if any defett or miſtake ſhould ariſe, if the 
Reader be pleaſed to give me friendly notice of it , -I ſhall as 
thankfully accept it, and reform it. We purpole next a; Queſtion 
at Sea, which let be this, h 


11. There is a Current at Sea ſetting Eaſt 12 mules in 2.4 hours, 
a Ship ſails in the ſame from 4 certain Port WeSt South-west 
6 days, and then returning thence y and ſailing North-gaff and v; 
North 3 days , falls with the Port from whence he firſt departed, 
1 demand what his Dead-reekoning was outwaras , and what back, 
again , and how far theſe two Ports were aſunder , and upon what 
Point of the Compaſs ? k F 

2 $ 


- Che Sea-man's Pzatice, 
D EF 


E. 


Ry A 


Ty 


To the Line D.E 108 miles 
To to the Line AE 


Is to the Line D E 


'To the Line 4 DP 


- Theſide A D-is found 


The ſum of both is 
Their difference is 


 Fhe half ſum is 


Aa 


_  Aslet the Current ſet from E towards D, and let the firſt Port 
pe the ſecond F, and let the Courſe outward bound be repre- 
ted by AE, and the Courſe homewards by D A, &c. 

And foraſmuch as DE is an Eaſt-and Weſt Line, and AE 
Weſt South-weſt, therefore the. angle at E is 22 deg. 30 min, 
and by the-like reafon, the angle at D is 123.deg. 40.min. of 
56 deg. 15 min. and the angle at 4 33 deg. 45 min.and E D being 
the ſetting of the Current for g days, is 108 miles. 


The ſum of the angles DA F an 


Firft then , for the Dead-reckoning outwards, namely, A E. 
As the Sine of the angle at As 33;deg. 45 min, 


So is the Sine of the angle Ds 56 deg. Is:Mmin.. 
| 74 To mil 
-., Thus AE his Dead-reckoning outwards is 161 z$, 

Secondly, for A D- 


As the Sine of the angle D'A Es 33 deg. 45 min. 


CS 


108 .miles 


So is the Sine of the angle D EA's 22 deg. 30min; g.58284 

74 78 miles 

Which 574 72 miles is his Dead-reckoning homewards. 
Thirdly, for the Angle DAF or DFA. 

74 7+ miles. 

The fide D F for three days is 36 miles. 


1105E; 


8 ze. 
d DF 4- 56 deg. 15-min. | 
28 deg. 7; min. 


3 


.25526 
2.03342 
9-91985 
2.20853 


25526 
2.03342 


1.87152 


The $ca-man's Pzactice, x35. 


| The Propertion. 
As the ſum of their ſides 1107S 7.95703 
[s to their difference 38 74 1.55433- 
So is the Tangent of 28 deg. 07 £ 9.72706 
To the Tangent of x0 deg. 32 min. 9.26932 


Which added together, make the angle D F A 38 deg. 39+. 


And ſeeing the Rumb from F to D is Eaſt, and the angle D FA 
38 deg.39 min.+, therefore the Rumb from F to A is to the North- 
wards of the Eaſt 38 deg.39 min.+ that is, N. E by E. almoſt half a 
Point Northerly,which is the Rumb from the ſecond Port to the firſt. 


Laſtly, for AF the diſtance of theſe two Ports. 


As the Sineof the angle DF As 38 deg. 39% _ 20434 
To the Dead-reckoning 

homewards A D 74 5* miles 1.87152 
So is the Sine of the angle Os 56 deg. 15 min. 9.91985 
To the Diſtance A F 99 33 miles 1.9957 k 


Thus the true diſtance of thoſe two Ports is 9g miles, and fome- 
what more; - 

Suudry other Queſtions of like nature might be propoſed, which 
to him that well underſtandeth , thefe will not be difficult... 

Theſe Principles a little enlarged, may further with a few Expe- 
riments be applied in the diſcovery of ſome Myſteries in compound 
motions , not yet divulged , though much endeavoured by tundry 
Famous: Men in ſeyeral parts of Exrope ; but theſe we-thall. not 
touch-at preſent. 


12. To find where there is a Current at Sea, alſo which + 
way it ſets, and how faſt. 


TY may be done by comparing the Reckonings outwards with ' 
the Reckogings homewards, whereof we ſhall give an Exam- 

ple or two. | 
Firſt, admit a Ship ſail from a cestain Port; by one. or ſeveral 
Rumbs or Diſtances, till ſhe arrive at the ſecond, and there nd 
reckoning by Courſe and: Diſtance, that fhe is more Southerly than 
the Port. from which ſhe departed by 541 miles, and more ' 
Weſterly by 145 miles: But by his Reckoning es + . 
w L.4 


" Kh The Seazman's Þzachite; 
-- when he arrives again at the fart place, he finds himſelf to the 
-Northwards of the {ſecond 541 miles, as before, andto the Eaſt. 
' . wards 305 miles. Now ſuppoſing he were 3 days outwards bound, 
> and 5 days homewards bound, I would know which way the 
Current ſets, and how faſt? Here, becauſe the Eaſterly. diſtance 
homewards is greater than the Weſterly diſtance outwards, there- 
fore from the Eaſterly diſtance 305 miles , ſubtra& the Weſterly 
diſtance 145 miles, the remainder being 160 miles, is the motion 
of the Current to the Weſtwards. _ 

And thus it appears, that the Current ſets to the Weſtward, 
160 miles in 8 days, that is, 20 miles a day, or + of 'a mile 
every hour. 

2 Example. Admit a Ship fail from the Summer-I/lands , by 
ſeveral Rumbs and diſtances, till ſhe arrive at Cape Coad in New- 

- England, namely, from the Eaſt part of Summer-Iſlands , ( the 
Variation being allowed). frſt, North 2o miles, and,then A... 
150 miles; the ſecond day NN. by W. 180 miles ; the third day 
North. go miles; the feurth ' day North-eaſt 88 miles, and fo 
arrive at Cape Codd -- Then' by theſe Courſes and Diſtances we 
may gather by the foregoing Table , that Cape Codd ſhould by this 
reckoning be to the Northwards 487 Miles :.and to the Weſt- 
wards 30 miles, as here appears. | 


"oY 


<—_— 


| | | North. | South. | Eaſt. | Wep. 

| North 20 miles LOO SET Ea) ReTTY 
North North-weſt 155 miles [123 6|———<|——— | 57. 4 
North by Weſt 180 miles |176 5/——— 


— 5 1 

North go miles go © | 

North-eaſt 88 miles | 62 2|-— I 0-27 
528 miles 485 3 62-21-02." $ 


Id 


' Now ſuppoſe the fail back again from Cape Codd towards the 

Surmwmer-Iſlands, the firſt day S. SW, 150 miles, the ſecond day 

\. - $:8.W. 160 miles, the ee = ov he 130 miles, the fourth 

| CdiySouth 140 miles, the'fifthday, Eaſt10 miles, and fo be come 
again'to the Eaſt part of the Silmnie#-1/lands. 

a South 


7. | North 1 South. t aſt, To j'- 

Sourh SW 150 Miles 24.7 138. 6 "159 

South $ W 160 Miles ——|147. ——| 61, 3} 

South by-W 1 30 Miles | 127. 5|——-| 25. 31# 

South 140 Miles | 140. C VTLS 

Eaſt 110 Miles jpn——_ [1'0. Op —— 
Ns « 237 {Bhs 7 26k) 

| 690 Miles, 1554. cjtio, 0144. © 

| 110. O 

| — 

| Fa 


_— 


Theſe Courſes and Diſtances make, as here appeareth,, the 
Summer-Jſlands to be to the Southwards of Cape Codd 5 54 miles, 
and to the Weſtwards 30 miles. 

Therefore by this laſt Reckoning back again, Cape Codd ſhould 
be to the Northwards of the Summer-[ſlands 554 miles, and to 
the Eaſtwards 34 miles, whereas by the former Reckoning out- 
wards, it was to the Northwards only 487 miles, and to the Weſt- 
wards 30 miles; ſo that the difference of theſe two Reckonings - 
outwards and back again, is 67 miles Northerly, .and 64 miles - 
Eafterly; which ſheweth that the Current in that time , -namely, . 
in 9 days, hath ſet to the Northwards 67 miles, and to the Eaſt 
wards 64 miles; that ts, North-eaft a little Northerly, 93 miles, 
as by the fore-going Table doth appear , whichais 10 $ miles every 
day. | | 

And what we have here done by the Tables, -might have been 
done ( as the fore-going Problems ) by the Dottrine of Plan 
Triangles. | | 


- 


| ET Is ed no VO 'S, Pront d for ant fold by 
7 FULeF, at the Poſterp- Gate near Tower-Hill ; Robert 
he Turks-Head ; and Ralph Smith,: a: the BiBle 5rs 
; near the Royal-Exchange , Yi; 
EMaitiners Magazine 3 cantaining the Art-of Navigation, Surveying, 
muging, Gunnery , Aſtronomy , Dyalling , Forrificatien : By Capt, 
turme). | 
* The Coaltng-Dilot ; with new Sand-draughts ; by F. Sellers. 
* The Mariners ' new Kalender; by Nathaniel Colſon. 
© The Sea-mans. Kalender ; by Henry Philips. 
* + The Sea-mans Prafticez by Richard Norwood. 

 MNorwoed's Daftrine of Triangles with Logarithms, exaQtly correQed, and 
= much enlarged by the Author. 

” _ Praftical Navigation , being an IntroduRion to the whole Art; the third 
> ;Fdition, carefully Corre&ed ; by F. Sellers. 

& The Sea-man's Dictionary, or the Expoſition and Demonſtration of all the 
& patts and things belonging to a Ship ; by Sir Hewry Mantwarieg, 
© - The Sea-man's Glals, ſhewing the uſe of the Plain Scale in Navigation, 

+ 'Aſtronomy, :and Dyalling, | 
The Seaxman's Companion , teaching Arithmetick, Geometry, Trigonometry, 
; Navigation, and Aſtronomy; by Matthew Norwood. 

| The Compleat Cannoneer, ſhewing the Principles and Grounds of the Art 
of Gunnery; as alſo ſevera] Fire-works for Sea and Land. 

" "The Safeguard'of- Sailers , and Pilots Sea- Mirror, deſcribing the Sea-Coaſis | 
of Englas |, Scotland, Ireland, Holland, Denmark, Korway, according to the F 
- newelk Waggoner; with new Sea+Charts ; a Book very uſefy], 
= ; The, Compleat Modeliſt , ſhewing how to raiſe the Model of any Ship or 

 . Veſffel, cither in Proportion or out of Proportion , and to find the Jength and 
” bigneſs of every Rope in all Veſſels exaftly, with the weight of their Anchors 

and Cables. - Alo-the Boat-ſwains Art, by H. Bowd. 

-+The Compleat Ship-wrightz teaching the Proportions uſed by cxperienc'd 
ark th g/decoi ding re'their cuſtom. 'of bumlding.; with the drawing of a 


, the making and marking a bend of -Mouſds , both by Arithmetick and 
Heometry z by Ed. Buſbnel OR . _— 

The Geometrical Sea-man , ſhewing three kinds of Sailing ; by the true Sea- 
Charr, Mercator's Chart, and by/a Great Circle ; with two Traverſe-Tables 
added; by H. Philips, _ 

Norwood's Epirome, appli 
Tables in Navigation. | 

The Mariner's Compaſs reiftied ; A Book furniſhed with Tables of Hours 
.and Azimuth , uſeful in Navigation; Calculated from oo deg, to 60 deg. ob 
Latitude : with the u'e of all Inſtruments in Navigation : by Anudr. Wakehy, 

Mathematical Manual , by Mr, Philips, of Nayigation , Gunnery, Dialling, 

Surveying , Gauging ; with a Table of Kogaritms , to 10000, 

by There are alto ſold all ſorts "of; Ma el and Sea-Books in Engliſh, 

> or Books of any other Subje&g tory, Poetry, &c. Wagoners | 
and Se:- Charts, for all Parts of W&W s of Paper and Paper-Books, 

© rhe cheapeſt rate ; alſo Bib'es r.Bgoks new Bound and Claſp'd, | 

. ag the belt Writing-Ink, Pens, Waxy Wncils, Oc. 


ed to Plain and Mercator's Sailing , with uſeful 


, 


